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Some theonea and policies are in much the 
[ game situation as a baseball — it has been hit so 
I hard by both sides interested that it is most of the 
time out of sight of the disinterested observer. 

Hopeful anticij)ations and pleasing illusions 
must be brought to earth to enable ordinary 
people to discover their value for practical as- 
I similatiojt. 

The rvorth of a Policy, such as that of Munici- 
pal Ownership, or a Method, such as that of the 
operation of isolated plants, is not to be deter- 
mined by mere argument or assertion, but by 
proven value and positive results. Thoughtful 
minds ought not to be expected to accept any 
principle as sound that is incapable of supporting 
itself by practical achievements. 

The acid test of any economic problem is its 
•financial outcome, and, applying to such matters 
the age-old advice of a rvise student of human 
offairs, the best method of dealing with such 
problems is to 

Prove all things. 



The Author. 
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CHAPTER I. 



THE TEST AND ITS IJQSSONS. 



"px URING the year 1918, a remarkable trial 
-'-' was conducted in the important building 
known as the Hall of Records, in the City of New 
York, to determine the cost, including all finan- 
cial elements, of installing and operating the me- 
chanical power plant which is in that building, 
by which the lighting, the heating, and the ele- 
vator service of the Hall of Records, and of sev- 
eral nearby buildings had been for some time pro- 
vided. 

The result of this trial, which was unusually 
extensive, and included most interesting details, 
has not heretofore been published, although an 
exceedingly voluminous report has been issued by 
one of the parties engaged in the trial, which in- 
cludes practically all the documents, papers, com- 
putations and records which were produced dur- 
ing the trial, and the correspondence and discus- 
[7] 



sions of the several parties interested in the oper- 
ation. 

This report, however, is so excessively volumi- 
nous that in itself it precludes a clear understand- 
ing by the ordinary reader of the essential fea- 
tures of the trial, and the definite results estab- 
lished thereby; nor does it include a discussion of 
some of the most interesting economical, financial 
and physical results derived from the trial. 

These are now to be presented in a more com- 
pact, and perhaps more readily understandable 
form. 

The particular interest attaching to the test is 
the establishment of the economic conditions 
imder which a first-class isolated power-plant may 
be operated, when its control is placed in the 
hands of thoroughly trained engineers, and its 
operation is directed by them with a special eflfort 
towards the highest economy, and the least pes- 
sible current expense. Moreover, this plant, al- 
though designed and installed for the service only 
of the building in which it is placed, was afforded 
the opportunity during the trial of increasing its 
output so as to provide light and heat to other 
[81 , 




; TEST AND ITS LESSONS 

fcuildings in the vicinity, thus largely increasing 
its opportunity for economic results, since the 
plant was of ample capacity for such extended 

rrvice. 
The trial also determined the capital expense 
to which a municipality is put in the establishment 
of such plants and the fixed cliarges that must be 
provided by the taxpayers upon money borrowed 
for its purchase. Further, the comparative econ- 
omy of the purchase by a municipality of service 
from public systems of steam and electric sup- 
plies, was disclosed in a conchisive manner. The 
facts for these determinations have heretofore 
been limited to observations over a short period 
of time. In this trial they included every physical 
and financial element existing during a whole 
year. 

This test has, therefore, a very unusual value, 
in its presentation of all the features which enter 
into a municipal ownership operation of a char- 
acter which can be readily understood, and which 
involves less complexities than larger projects, 
such as the operation of public utilities and rail- 
ways. 

[9] 



A MUNICIPAL EXPEfilMENT 

The circumstances which led to the trial were 
somewhat involved, and the decision to conduct 
the test was the outcome of discussions, which had 
extended over a considerable period of time, be- 
tween the city officials I'esponsible for the opera- 
tion of this and otlier municipal buildings, the 
particular department of the city government 
which is charged with the duty of providing for 
the lighting and electric service of municipaJ 
buildings in the City of New York, the Public 
Company supplying electric service in the region 
in which the building was located, and finally, a, 
voluntary association interested in civic affairs. 

These parties respectively are, The Borough of 
Manhattan, the Department of Water Supply, 
Gas and Electricity, the New York Edison Com- 
pany, and the Bureau of Municipal Research. 

While this test dealt with a technical subject, 
and was conducted with a considerable degree of 
scientific detail, it is nevertheless a matter in 
which the broad principles involved can be 
grasped by the non-technical reader if divested of 
unnecessary scientific terms and descriptions. 
The details with which it dealt, the main results 
[10] 



THE TEST AND ITS LESSONS 

attained, and the broad effects of the facts which 
were brought to light, are matters of interest to 
the intelligent citizen, and directly affect to a 
very substantial extent the operation of municipal 
affairs and the expenditures of taxpayers' 
moneys 

The average property owner and taxpayer is 
usually unable to follow the operations of the 
municipal authorities in the disbursement of the 
funds which he and his fellow contributors pro- 
vide, and is often unable to account for the inex- 
plicable extent of expense involved in the conduct 
of municipal undertakings. 
- If light can be obtained upon one phase of this 
•subject, such as the cost of operation of public 
buildings, the taxpayer may obtain therefrom 
some insight into the general methods which are 
-being followed by those whom he has helped to 
»«lect to public office, and one of whose uiost im- 
i'jwrtant duties is the honest and economic admin- 
listration of the funds provided by the taxpayer 
j^or the conduct of municipal affairs. 

Owners of property also should take a particu- 
r interest in any matter which is concerned with 

[11] 



A MtTNICIPAI. EXPERIMENT 

the operation and expense of buildings, in which 
their pockets are directly interested. 

The expense of maintaining city buildings is 
a subject that directly appeals to the general body 
of taxpayers, the majority of whom are owners 
of real estate, Under our form of city govern- 
ment they are the main contributors, through the 
value of their real estate, to the support of city 
institutions. In addition, the facts and figures 
brought out in a trial of such unusual extent, 
and dealing so comprehensively with certain in- 
teresting parts of the operation of buildings, 
affords information directly bearing upon similar 
operations under private ownership. In a word, 
therefore, the test of the plant in the Hall of 
Records from many points of view, possessed an 
extraordinary value, and warrants the attention 
of the public, especially of taxpayers, and of 
owners of real estate, so that the lessons which it 
affords may be directed to their own benefit and 
profit. 

The mention previously made of the parties 
who united in the arrangements for conducting 
this trial, indicates the widespread interest in its 
[121 



THE TEST AMD ITS LESSONS 

tesults. Thus, the City officials recognized the 
great importance of ascertaining the most eco- 
nomical conditions imder which municipal ma- 
chinery could he expected to operate, and the hest 
results obtainable therefrom, with a special view 
towards their guidance in the future establish- 
ment of plants of similar character, and the elimi- 
nation of wastage and unnecessary expenses in 
the operation of the numerous installations of ma- 
chinery already owned by tlie city. 

The particular Department whicli is charged 
with the duty of providing electrical service for 
public buildings was peculiarly interested in as- 
certaining whether the policy of maintaining and 
operating such plants as that in this particular 
building, as well as those in many others, was pro- 
ductive of more economical results to the city than 
the alternative method of the purchase of steam 
for heating and of electricity for light and power 
from public sources, and also in determining the 
extent to which such services were economically 
utilized in city buildings ; and wliat wastages and 
negligences in the use of these services had he- 
lome estabhshed. 

[13] 



1 MUNICIPAL EXPEBIMENT 

The Public Service Company was equally in- 
terested in the foregoing enquiries, on account of I 
the bearing of the results upon the value to the] 
city of their supply of energy, and they were also 1 
keenly alive to the importance of definite infor- 
mation upon the relative cost of their service in 
combination with that of other companies, such 
as the steam supply, and upon the opportunities . 
afforded by some re-combination of apparatus or | 
re-arrangement of methods which might be pro- 
ductive of equal or even superior residts. 

The Civic Association was interested in all the 
foregoing subjects from the point of view of the 
public interest in the disposition of its money itid 
the form of capital investment in such machinery, ■ 
and in the building space which it occupied, and 
was also concerned as to the current expenditures 
upon the ser^-ices wliich it provided. 

Outside of these parties, directly concerned in | 
the conduct of the trial, were others who had a^ 
considerable indirect interest in the results. The i 
great body of real-estate owners were doubtless 
those most directly interested in a pecuniary 
sense, and as has been previously said, they are | 




THE TEST AND ITS LESSONS 

pthose to whom the results ascertained present a 
|?Tery positive benefit. 

The organizations interested in labor were 
greatly concerned in the subject, on account of 
the question of the labor involved in such mu- 
nicipal operations, and the rate of their remunera- 
tion. Engineers in general were interested in the 
problems of operation which the test was planned 
to dissect, and in the facts which were to be estab- 
lished over so unusually extended a period, ena- 
bling comparisons to be made of permanent tech- 
nical value, and establishing standards from 
which the expense and value of operations of sim- 
ilar character might be measured. 

The determination of the cost and the test of 
the operation of this plant is of permanent value 
in all these directions. 

The trial extended over the entire year 1913, 
but the passage of time thereafter has not de- 
tracted from the practical value of the circum- 
stances which were determined, which by ordinary 
processes of comparison can be utilized perma- 
nently as a basis for computation and informa- 
^jion. Thus, the figures brought out in regard to 
[15] 



the heating of these buildings during the particu- 
lar year in which the test was made, are readily 
applicable to other seasons, and to other climatic 
conditions in different localities. 

The facts in regard to the production and the 
use of the electricity made by this particular ma- 
chinery can readily be applied to the operation 
of other machinery of a different character. 

The analyses of the figures which were made 
after the trial by engineers representing different 
points of view of the elements under discussion, 
are of great value in bringing out the points upon 
which divergent opinions may be based, and in 
affording the means of analysis of their value 
and importance. 

Altogether the results of this trial are of such 
general interest and importance that it would 
seem to be a very unwarrantable waste of valua- 
ble material if they should not be presented for 
general public reference in such a form as to be 
underst .idable and readily applicable to other 
circumstances, which so far has not been the 
case. 

The author was one of those engineers charged 
[16] 
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THE TEST AND ITS LEBS0X8 
' with the duty of conducting this trial, and was 
; able to devote personal time and attention to ob- 
servation of the results as they were progressively 
secured and developed. Being engaged in the 
designing and control of the operation of similar 
plants in many types of buildings in the same city 
I in which the trial took place, the facts and details 
I were subjected to analysis and comparison de- 
[ rived from experience with the same class of sub- 
I jects, and it may be added that the points which 
I have been determined have proved of extreme 
I practical value in dealing with similar problems 
I under other circumstances. 

With these premises it may he hoped that the 
I reader will appreciate the importance of a clear 
[ understanding of the facts which are now to be 
\ presented in as plain and untechnical a manner 
i as such a subject can be set forth. 
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CHAPTER II. 

THE BUILDING AND ITS NEIQHBOfiS. 

T N the vicinity of the City Hall of New York 
-*■ City there are several municipal buildings 
which have been constructed from time to time, lo- 
cated in a very haphazard manner, partly on pub- 
lic park land and partly on sites recently pur- 
chased by the city. These buildings comprise the 
County Court, the City Court, the Hall of Rec- 
ords and the new Municipal Building, the last of 
which was, at the time of the test, in an incomplete 
condition, and was not included in the circum- 
stances of the trial. 

The other buildings had been connected by B 
system of underground piping for the conveyance 
of steam and water, and also with electric con- 
ductors both for light and for power purposes; 
all of these supplies being derived from the plant 
in the Hall of Records building. 

The City Hall, which is the oldest building of 
the group, is the center of municipal government, 
[18] 



BUILDING AND ITS NBIOHBOf 

being occupied by the Mayor and the President 
of the Board of Aldermen, and having two large 
halls used by the two representative bodies which 
divide between them the fimctions of government, 
the Board of Aldermen, and the Board of Esti- 

I mate and Apportionment. 

I This little building, which is one of the archi- 
tectural adornments of the city, has an area of 
22,000 square feet, having a basement, two stories 
and an attic, the latter used bv the Art Commis- 
sion. The buildinff was constructed between the 
years 1803 and 1812, at a total cost of one-half 
million of dollars or about 33 cents per cubic foot. 
It was originally heated by stoves, and has now 
been provided with a modern equipment of steam 
radiators. The gas chandeliers which long ago 
displaced the original oil lamps, are now serving 
a new lease of life as electric light fixtures. 

The restoration of the interior of this building 
has only recently been completed, and was pro- 
ceeding during a part of the period of the trial. 
This circumstance involved some irregularity in 
the service of heating and lighting, but the 
amount involved was not of an important extent. 
[19] 



A noticeable featm-e of the use of steam and 
electricity in this as in the other buildings is the 
wastefulness wliich prevails. Thus it was ob- 
served in the winter season prior to the trial, that 
the doors and windows of this building were left 
open in cold weather, wastefuUy condensing 
steam in the radiators, and it is, of course, a com- 
mon experience to find electric lamps burning in 
broad daylight in this, as m other city buildings. 
The conduits providing these services connect the 
City Hall with the basement of the County Court 
Building, which stands immediately in the rear 
of the City Hall. 

This is a rather widely known structure, which 
was erected under the administration of Mayor 
Tweed about 1872, and in the construction of 
which the improper diversion of public funds was 
exposed to a considerable extent. The total 
moneys expended in and about the construction 
of the building are alleged to have been in excess 
of ten millions of dollars, or at least $3.00 per 
cubic foot, a figure which, of course, is largely in 
excess of the real value of such a structure. 

Compared with much more modern methods, 
[20] 
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IPHE BUILDING AND ITS NEIGHBOHS 

however, the extravagaiice does not seem to be 
great, since wasteful and expensive methods 
1 prevail, and extravagant plans and unnecea- 
ily expensive materials are often found in mu- 
nicipal undertakings. 

The County Court House has an area of about 
37,000 square feet, and occupies a space of about 
250 by 150 feet. It is lighted by electricity and is 
heated partly by steam radiators and partly by 
indirect heaters warming air which is blown into 
the court rooms. Until the year 1910, the heat 
was supplied by boilers located in the building, 
and a contract was then made with The New 
York Steam Company, which corporation ex- 
tended one of its steam mains along Chambers 
Itreet and connected it to this building, supply- 
mg steam at about 100 pounds pressui'e per 
square inch. This steam was used to operate the 
pumping engines which supplied power to two 
hydraulic elevators, and the exhaust steam from 
these pumps was partly used in ivinter time to 
supply the radiators. 

Prior to the trial of the Hall of Records plant 
is contract was abandoned and \)i\ies were cc\v\- 
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nected from the Hall of Records into the * 
Court House. At the same time the hydraulic 
elevators were changed to electrically-operated 
elevators, and the pumping engines were ahan- 
doned. These changes were all in the direction 
of economy if accompanied by a sufficient reduc- 
tion in labor, but the methods of mmiicipal oper- 
ation are not contributory to economies of that 
character, and the men whose services were no 
longer required were in part retained in the build- 
ing and in part transferred to other buildings, so 
that no actual saving resulted. 

The use of tliis large building is quite irreeular, 
as it is fully occupied only when the Supreme 
Courts are in session. On the ground floor there 
are offices which are in regular use daily through- 
out the year by the City Clerk and other depart- 
ments, involving the maintenance of heat and 
light and elevator service at all times, although 
during the summer season other parts of the 
building are almost out of active service. 

Close alongside of the County Court stands the 
City Court, sometimes described as the Municipal 
Court Building. This is an old-fashioned brick 
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THE BUILDING AND ITS NEIGHBOHB 

structure of about 105 feet by 78 feet, which was 
erected in 1852, as a fire-house, and has been ex- 
tensively altered and increased in height for use 
by the inferior or local trial courts. 

It is provided with two hydraulic elevators, 
and is heated by steam radiators and lighted by 
electricity. For the purpose of operating the ele- 
vators hydraulic pressure pipes were laid under- 
ground from the Hall of Records Building. 

The building' Is a great disfigurement of the 
appearance of the City Hall Park, and has long 
been destined to removal, which has only failed 
of accomplishment on account of the financial 
situation. Its operation by the services provided 
by the Hall of Records plant cannot therefore be 
considered a permanent condition. 

The Hall of Records Building is by far the 
largest of the group of four structures described. 
It was built between the years 1901 and 1906 and 
is eight stories in height above the street, and has 
a basement below the street level, underneath 
which a sub-basement was provided for the pur- 
pose of housing the plant of machinery that was 
the subject of the trial. 

[28] 



A MUNICIPAL EXFEBIMBNT I 

The building occupies a site 194 feet by 151 
feet, or an area of approximately 29,000 square 
feet. This was purchased by the city at a cost of 
$62 per square foot, and the building erected 
thereon, including the cost of the power plant, in- 
volved an expenditure of $5,979,343, or an ap- 
proximate cost of $1.30 per cubic foot. 

The building is ornate, its exterior overloaded 
with decorative features and statuary, and the 
whole structure disfigured by a disproportionate 
mansard roof, in which the two upper stories are 
inconveniently located. The interior is arranged 
around a central well or court, which is not of 
sufficient proportions to secure satisfactory inte- 
rior lighting, and yet makes the means of access 
from one part of the building to the other ex- 
tremely inconvenient. This condition is aggra- 
vated by the arrangement of all of the elevators 
on one side of the building. 

The artificial light required in the interior of 
the building is excessive, and prior to the time 
of the trial the demand was increased by the na- 
ture of some of the fixtures in which the electric 
lamps were installed. These were extraordinarily 
[24] 
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elaborate and massive bronze chandeliers, the de- 
sign of which appeared to have been dictated by 
an effort to detract as far as possible from the 
effect of light, and to cast as much shadow as 
possible therefrom. 

The lighting of some of the offices, however, 
had been extensively modified and improved by 
temporary additions, but was utilized in the usual 
wasteful manner which has been described in con- 
nection with the same subject in the City Hall. 

The building was, at the time of the trial, occu- 
pied by the Register of the Coimty of New York, 
the Surrogates Courts and offices of the Commis- 
sioner of Records. On the ground floor the Tax 
Department of the city was at the time installed, 
and several floors in the upper part of the build- 
ing were occupied by the Legal Department of 
the city. The two latter departments have since 
been removed to the Municipal Building, and 
other municipal organizations have been installed 
in their place. 

The building at the time of the trial was al- 
l ready overcrowded, and the space available for 
I the storage of the public documents for which 
[25] 
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the building was primarily intended, was found to 
be inadequate. Additional filing space was 
provided in the roof attic, and if it had not been 
for the presence of the machinery in the sub- 
basement, that large space woidd have been ■ 
available for the same purpose. 

The plant of machinei-y installed in tliis build- 
ing was conceived in the same spirit of prodigality 
as the interior furnishings and exterior adorn- 
ments of the structure. In so far as its propor- 
tions were concerned, it was approximately four 
times as large as was necessary, and its various 
appurtenances and the proportions of its piping 
werfe all upon the same scale of liberality. The 
general result of overproportions in apparatus of 
this character is naturally in the direction of in- 
efficiency of the macliinery which is too large for 
its duty, and is thus operated at only a small 
portion of its capacity, and in boilers, engines, 
piping and pumps, this always results in some 
loss of efficiency. 

This overproportion of apparatus, however, is 
a not uncommon feature in municipal installa- 
tions, which are usually large for the work that 
[26] 
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they may have to do. This effect is brought about 
by the natural conservatism of city employees and 
their desire to protect their own actions from 
failure by economy, and the further fact that they 
are not influenced by considerations of economy 
in the use of capital for such purposes. 

The machinery is of excellent design and first- 
iss material, and has been maintained in good 
operating condition. The circumstance of its 
over-proportion for the service of the particular 
building in which it was installed was of advan- 
tage in affording a capacity for providing the 
services required by the three exterior buildings, 
mnected to the plant. 

The result of this addition was an increase of 
the electrical service by fully 50 per cent., and an 
addition to the work of heating in winter of 175 
per cent. Under these conditions the plant was 
operated at a desirably economical capacity, and 
still retained a suiflcient excess to provide for 
emergencies in case of failure of any part of the 
apparatus. 

The space which the machinery occupied was 

;arly the whole of the sub-basement. This 

[871 
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Space, about 14 feet in height, had been excavated 
and constructed at a large proportion of the ex- 
pense of the erection of the building, and answers 
no other useful purpose than to house this ma- 
chinery, except to afford a small space for the 
storage of disused interior furnishings. 

The machinery space is very similar to otlier 
installations in the lower parts of modern build- 
ings, and consists of a boiler room, other rooms 
devoted to the electrical generating engines and 
dynamos, to hydraulic elevator pumping ma- 
chines, and other space is filled with small auxil- 
iary appliances, chiefly in the form of pumps for 
sundry auxiliary services. 
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THE MECHANICAL PIANT AND ITS DUTIES. 

THE mechanical equipment in the Hall of 
Records building was planned for the pur- 
pose of providing that building with heating, 
lighting, elevator and water services, and also 
with a system of ventilation. The most essential 
element in such operations is that of raising 
steam, and this is effected in the Hall of Records, 
as in many other high-class buildings, hy the use 
of high-pressure boilers. 

At the time of the installation of these boilers 
lere was no available public supply of steam, but 
at a later date the New York Steam Company's 
mains were extended to the immediate vicinity 
of the building, and thereafter the value of these 
boilers as an investment by the city for the pur- 
pose of generating steam, was limited by the 
price at which steam could be purchased from the 
mains in the street, which was at the time avail- 
[29] 



able at the rate of 42 cents per 1000 pounds 
weight of steam. 

The capacity of the boilers which were installed 
was very considerably in excess of any probable 
requirements of this building alone, especially as 
such boilers may under proper conditions be ex- 
pected to develop a larger capacity than that at 
which they are rated. It is not uncommon in 
boilers of this cliaracter to obtain as much as one- 
third more steam from a gi^'cn capacity than the 
designed type, and this can be done also without 
loss of efficiency. 

iThe plant consists of five separate boilers, three 
of which were of 206 horsepower, and two each 
of 238 horsepower, aggregating nearly 1100 
horsepower. If a boiler plant had been installed 
for the sole purpose of heating these buildings, 
any two of these boilers would have afforded a 
very ample capacity. The additional boilers may 
be, therefore, regarded as having been installed 
for the expected additional demands to be cre- 
ated by operating electric generating engines and 
power pumps for the elevator service. 

The boilers as originally used, were supplied 
[80] 
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with coal of a large and expensive grade, which 
would burn freely with the draft afforded by the 
chimney. This chimney is constructed of steel 
plate and extends up through a well or shaft in 
the interior of the building to a point about 16 
"feet above the mansard roof. 

Burning fuel of this grade under such condi- 
tions of draft, is, however, an expensive process, 
and like many other similar plants, a re-arrange- 
ment was made by the city engineers, by which 
a cheaper and smaller grade of coal could be em- 
ployed. In order to burn such small coal, it is 
necessary to increase the draft, because the air 
must be drawn or pushed through a bed of coal 
very closely packed together. Therefore, a 

lower or fan was provided, operated by a steam- 
"engine, which forced the air underneath the 
grates. 

The use of this apparatus afforded the means 
of using coal of the grade known as No. 1 Buck- 
wheat, which is the larger of the three smallest 
grades of coal, obtained by screening the waste 
or broken coal that used to be thrown away in the 
•nthracite region, but is now utilized in increasing 

[811 
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quantities and at gradually increasing prices. 1 

During the term of the trial an effort was made 
to use a mixture of "soft" or bituminous coal with 
this anthracite, which can be economically done, ■ 
provided that no objectionable smoke is gener- 
ated thereby. It soon became apparent that the 
smoke was excessive, and public attention was 
drawn to it by the newspapers, so that a change 
was made and thereafter the trial was conducted 
with the use of anthracite coal, the average price 
of fuel during the entire year having been $2,90 
per ton. The expense for fuel was $15,296. ■ 
It is scarcely necessary to say that since the' 
3'ear of the test progressive increases in the cost 
of production, and especially in the transporta- 
tion of coal have largely enhanced its cost, so that 
at the present time the same grade of fuel is cost- 
ing more than double the amount above men- 
tioned. Such an increase woidd add over 50 per 
cent, to the cost of steam production, and would 
have increased by nearly 25 per cent, the total 
cost of operating the entire plant. 

The supply of fuel to these boilers is provided 
in storage vaults located under the sidewalk) 

.tail 
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laving a total capacity of 500 tons. This large 
capacity is a source of economy in the purchase 
of fuel, as the coal may be bought in large quan- 
tities at a lower price than it can be secured in 
smaller quantities, and the capacity of a coal 
barge is about 400 tons. 

During the trial the fuel was drawn from these 
vaults through an iron door which allowed the 
coal to run into a wagon by which it was trans- 

irted into the fire-room. On its way to the fir- 
ig floor, the wagon passed over a weighing ma- 
chine so that every wagon load of coal was 
weighed and the amount of fuel was thus accu- 
rately recorded. The arrangement is good, in 
that it relieved the firemen of much of the labor 
of lifting coal into the furnace doors. 

The ashes are taken away from the boilers by 
being raked out onto the floor and shoveled into 
cans which were then wheeled to an hydraulic 
elevator situated under the sidewalk, by which 
the cans are raised to the street and are there 
lifted and dumped into wagons. 

The boilers are supplied with water through 
»ipes which are connected with pumps, known as 
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feed-pumps, and on the way the water 
through a meter which accurately recorded upon 
a chart the rate at which the water passed 
through, at any given time, to the boilers. This 
water is drawn from several sources, the chief of 
which is, of course, the public mains. But this 
water, which is cold, is economically mixed with 
hot water derived from the condensed steam col- 
lected from different parts of the machinery and 
piping, and in particular during the winter time, 
with the water coming back from the heating ra- 
diators in the several buildings. 

In the operation of a plant of this kind, how- 
ever, there is never a complete return of all the 
water that has been made into steam, because 
some of the water becomes greasy and must, 
therefore, be discliarged to the sewers, as the 
presence of oil in the boilers would injure their 
operation. 

From the boilers the steam is directed into 
steam-pipes which in this plant extended around 
the machinery spaces in the form of a rectangular 
ring, the object of which was to provide for se- 
curity in case of leakage or failure of one 
[84] 



one part M 




THE MECHANICAL PLANT AND ITS DUTHIB 

tof the piping, which while very desirable from 
the point of view of security, is not a source of 
economy. The size of the pipes was proportioned 
with the same liberality as the other parts of the 
apparatus. Such large and extended pipes con- 
taining steam act as radiators, and thus a con- 
siderable proportion of the steam traveling in the 
piping to the machines is condensed before it 
reaches the machines. 

One of the most interesting facts ascertained 
hy the trial was tbe extent of this loss by con- 
densation, which for the first time afforded very 
definite information as to the amoimt condensed 

I under different conditions of operation. 
It was found that over the whole year of the 
trial more than 10 per cent. (10%) of all the 
steam which was made, was condensed in the pip- 
ing before it reached the machinery. It would 
have required a boiler of 33 horsepower working 
at full capacity every hour of the year to produce 
this steam, and would have consumed 350 tons of 
©al. The condition is not unusual, and in fact 
I often exceeded in other plants. When the 
[demand for steam is variable the condensation 
[35] 
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actually increases in the piping as the total steam 
used falls off, and in the Hall of Records there 
were times when the proportion rose to over 15 
per cent. 

It was greater in volume in July than in Feb- 
ruary. Comparing two such conditions in two 
[s: 

February 24-Mflrcli 2, Total steam made was 
2,277,741 pounds and the steam condensed in the 
piping was 1C8,191 pounds. 

In the week, June 30 to July 6, the total ateam 
s only 1,280,000 pounds, or about one-half, yet 
the condensation waa 199,960 pounds. 

The machinery to which the steam is supphed 
and which it is utilized to operate, consisted of 
three parts — the electric engines, the elevator 
engines, and certain auxiliary or minor pumps 
and engines. 

The electric engines are installed in the center 
of the sub-basement space in a large and lofty 
engine-room, which is ventilated by fans blowing 
air in, and other fans drawing air out, in order to 
reduce the temperature in the room. The en- 
gines were four in number, each bemg provided 
with an electrical generator or dynamo, and any 
[86] 
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one or two could be independently operated, or 
all could be operated in unison. 

The engines are of a high class of manufacture, 
I two of them being of what is known as the Cor- 
'liss type, of 240 horsepower each, and having 
generators with a capacity of 150 kilowatts. The 
smaller were respectively 160 horsepower and 100 
■ kilowatts, and 80 horsepower, connected to a 50- 
' kilowatt generator. 

The electric energy generated in these ma- 
chines is first led to a switchboard where any part 
of it may be diverted to one or other purpose. 
Part of the energy is used for electric lighting 
and part for tbe operation of power motors, of 
which there are no less than nineteen in the Hall 
of Records building alone. These motors oper- 
ated ventilating fans and water pumps, and one 
of them was used to operate another small gen- 
erator which produced electric energy at a some- 
what higher pressure, and delivered the current 
into a storage battery which occupied a separate 
This storage battery is practically a re- 
ive of electric power, which can be used at any 
; engines are not in operation, but, 
£87.1 
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of course, only to a limited extent. The intention 
of its installation, which involved an expense of 
several thousand dollars, was to use this stored 
energj' during the night time, to maintain lights 
in the corridors of the building when the engines 
should be closed down. 

At the time of the trial, however, it had become 
the practice of these buildings to operate one of 
the engines all night, because under city methods 
of the employment of labor, it was necessary to 
keep an engineer on duty at night, whose serv- 
ices could as well be utilized in operating the en- 
gine. The battery, therefore, was practically out 
of service, and only sufficient use was made of it to 
keep it in operating condition. 

The next large part of the machinery is that 
which is devoted to operating the hydraulic ele- 
vators. This consists of three large duplex steam 
pumps, arranged in a separate room and so pro- 
portioned that any two would suffice to maintain 
the hydraulic elevators in full operation. The 
water which is pumped by these engines, is re- 
used, passing under pressure to the elevators and 
being discharged by them to a tank from whence 
[88] 
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the pumps again draw it. In order to maintain 
a regular pressure the water is pumped into large 
steel drums or cylinders, in which air is also 
pumped by two steam-driven air-compressors. 
Thus the air acts as an elastic cushion and pre- 
vents the shocks which would otherwise be felt 
in the elevators by the reversals of the pumps. 

At the time these elevators and pumping ma- 
chines were installed, considerable developments 
were taking place in the improvement of electric- 
ally-operated elevators, the use of which in this 
building would have rendered unnecessary the m- 
stallation of these pumps, tanks and drums. 
Since the time of their installation successive im- 
provements in the electric type of elevator have 
rendered it much superior to the hydraulic sys- 
tem, both in operating convenience and in econ- 
omy of cost. 

The effective period of life of such elevator 
plants has been shown by the course of events in 
other buildings to be about fifteen years, and 
not to exceed twenty years. The time is not far 
distant, therefore, when under natural conditions 
these elevators would be removed or remodeled 
[88] 




into a system of electric operation, as has been 
done in many other buildings. Under such cir- 
cumstances it would then follow that the opera- 
tion of the elevators could be effected by using 
electric energy purchased from the public service, 
which of course could not be done so long as they 
are of the hydrauhc form. 

These remarks apply also to the elevators in 
the City Court Building, which together with the 
building in which they stand, are probably 
doomed ere long to disappear. 

The elevators in the County Court Building 
had already been removed and replaced by elec- 
tric machines, at the time of the trial, but these 
machines were necessarily operated by electricity 
purchased from the system of the New York 
Edison Company. 

The next service provided by the machinery in 
the Hall of Records plant is that connected with 
water supply in several forms. Water for sani- 
tary purposes and for the use of machinery is 
brought into the building from city mains from 
three points. Owing to the deficiency of pres- 
sure which has prevailed, especially in the lower 
[40 1 
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irt of the city, water from the mains will not 
' rise in buildings much above the second story 
during the hours of the day when the greatest 
demand is made upon the city supply. This situ- 
I ation, of course, is now being modified and im- 
proved hy the introduction of the Catskill water 
system, which reaches the city under a greater 
pressure. 

During the trial, therefore, it was necessary to 
pump this water up to large tanks situated in 
the roof attic of the Hall of Records, involving 
the pumping of the water up to a pressure of 
ninety pounds per square inch. On its way into 
the building the city water passes through filters 
and is thence connected to the pumps. It is di- 
rected partly to the tanks in the roof and partly 
to other purposes. 

The water supply in the other buildings, each 
|.>of which is provided with its own tank, was con- 
nected by pipes to the tanks in the roof of the 
Hall of Records, so that all the water for all the 
buildings was pumped in the Hall of Records. 
Part of this water was heated for sanitary pur- 
, passing down through a pipe into a large 
[41] 



heater provided with steam pipes inside, in which 
the water is brought to a high temperature and 
led by piping to the hand basins in the several 
buildings. 

The circulation of this hot water through such 
long pines was defective and it was, therefore, 
necessary to have a special pump operated by an 
electric motor, which forces the hot water around 
through the piping. Another portion of the 
water supply was used for drinking purposes, 
and in accordance with an old idea that prevailed 
at the time of its installation, it was considered 
desirable to cool this water in summer time, and 
in the Hall of Records a refrigerating apparatus 
was installed of the form known as the absorp- 
tion type, which reduces the temperature of the 
water from the prevailing degree in the mains 
to approximately 45 degrees at the faucets in the 
Hall of Records building. 

This apparatus was, of course, in use only a 
part of the year, and it involved the operation of 
an ammonia pump and a water circulating pump 
both of which were driven by steam. 

Other large pumps were provided for fire pur- 
[42] 
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poses, which naturally are not in use excepting 
|in such an emergency as a conflagration. 

Another phase of the water service is that of 
discharging from the lowest part of the building 
the drainage of sanitary fixtures located below 
the level of the sewer. It will seem strange to 
readers who are not acquainted with conditions 
in New York City, to learn that such a necessity 
exists. The sewer system of the city, however, 
was laid out upon an old-fashioned idea that the 
depth of the cellars of buildings would not exceed 
a single basement and, consequently, the sewers 
are at a fairly uniform depth of only 13 feet below 
the level of the street. When, therefore, a snb- 
basement is constructed, as has very frequently 
been done, any water or drainage collecting in 
that lower level must be lifted by pumps to the 
sewer. Thus in the Hall of Records it was neces- 
sary to install two large sewage-ejectors, which, 
by means of compressed air produced by two 
steam-driven air-compressors, forced the drain- 
age from the sanitary fixtures in the lower part 
of the building, up to the sewer. In addition, in 
jCase of the breakage of a water main, or the fail- 
[M] 
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ure of steam piping, it is necessary to provide 
means to discharge a flood of water, and two 
large steam pumps were installed in the Hall of 
Records for this purpose, these being, of course, 
rery rarely in operation. 

Finally, the discharge of the waste waters of 
the machinery plant required the operation of 
steam pumps to lift this foul and greasy water, 
togetlier with the water blown down from the 
boilers, up to the level of the sewer. It will 
be observed that these appliances were all in- 
volved in the construction of this sub-baseraent» 
the purpose of which was the providing of space 
for the operation of the machinery plant, conse- 
quently they become burdens upon the cost 
of operation of that plant, or from another ,ooint 
of view, are an expense attached to the valine of 
the sub-basement space. 

The same remarks apply to the ventilating? ap^ 
paratus rendered necessary by the operation at 
machinery, in order to keep the temperatuH 
down to a point at which workmen can 1 je ex- 
pected to conduct their labor. This natural llv hf 
comes a charge upon the operation of thf it ma* 
[441 
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liDery, and in the case of the Hall of Records, 
the test determined the extent of this expense. 

The apparatus further included the blowers or 
fans Tvhich afforded ventilation to the upper por- 
tion of the Hall of Records building, and this 
consisted of two chambers in the sub-basement 
in which these blowers were located, and large 
openings by which air could be drawn down into 
the building fromjhe street level, warmed in win- 
^B||er time and discharged by the blowers up flues 
^^Bir stacks into the various offices. These blowers 
^^nrere rotated by electric motors receiving their 
^Hl^ergy from the electric generating engines. 
The arrangements in tliis regard were neither 
wholly effective, nor satisfactory in operation. 
The draft set up by the operation of these fans 
was objected to by the occupants of the offices. 
Moreover, the dust brought in with the air which 
was drawn from the sidewalk was excessive, and 
involved continual care in screening, which at 
the best, was not entirely effective. Thus, espe- 
illy in the winter time, the fans were not util- 
i and air was allowed to find its way up in the 
ihafts by natural draft. 

[45] 
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This modification of the interior arrangements, 
of course, reduced the amount of work which had 
to be done by the electric plant, and the boilers. 

The movement of the air thus described, was 
effected by keeping other fans in constant opera- 
tion in the attic of the building, these fans hav- 
ing been installed for the purpose of drawing air 
out of the offices and discharging it to the atmos-, 
phere. The effect of stopping the blowers which 
were intended to force the same air into the offices 
was to produce a partial vacuum in the office- 
spaces, the tendency of which was to draw air in 
undue quantities through every crack and creviee 
in the windows and through the doorways of th( 
offices. 

This condition in the City of New York is pro- 
ductive of the introduction of dust in excessive 
quantities into a building, and in a structure d< 
voted to the purposes of the Hall of Records the 
effect was much to the disadvantage of the ocea 
pants, and of the valuable documents which they 
have to preserve and handle. It also increased 
the work required to be done by the vacuum- 
cleaning apparatus. The difficulty is increased by 
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the immense quantities of fine ash and cinder 
which are constantly emitted from the chunneys 
of power and heating plants in this city. The 
weight of such deposits varies from one to two per 
cent, of all the fuel burned, and is estimated to 
amount to about five hundred tons of ash per an- 
num spread over each square mile of the city's 
area. 

The final feature of the machinery plant con- 
sists of those small auxiliary apparatus which 
were connected with the minor functions of the 
steam machinery. These consisted of the feed- 
pumps to which reference has been made, which 
supply the water to the boilers, the drainage 
pumps which drew the water condensed in the 
heating radiators from the piping, and again dis- 
charged it to the boilers, and other pumps which 
received the condensed water out of the steam 
piping and discharged it to the boilers. All of 
these, it will be readily seen, were appliances the 
object and purpose of which it is to make prac- 
ticable the operation of the steam boilers and the 
engines which they operate, and these are, there- 
fore, as far as their cost is concerned, a burden 
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upon the services provided by the plant. 

The division or the proportion of the burden 
of expense of operating these appliances between 
the several services provided by the plant was 
one of the interesting studies developed by the 
trial. Some idea of the complexity of these minor 
appliances may be gained by a statement of their 
number. Of steam operated pumps, chiefly of 
the duplex pattern, there are twenty-one besides 
the elevator pressure pumps. There are seven 
air-compressors, six of which are driven hy steam. 
Nineteen electrical motors of various sizes up 
to 40 horsepower operate fans and sundry other' 
appliances. There are sixteen closed tanks and 
se%'en open tanks, besides feed-heaters, purifiers, 
separators and the accompanying maze of piping, 
and valves. 
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CHAPTER IV. 

THE TEST AND ITS METHODS. 

THE task which was assumed by the Board 
of Engineers charged with the duty of car- 
rying out the trial, consisted in estabhshing the 
entire cost of the installation of the machinery 
and the full expenses of its operation. The 
;ascertainment of the money directly expended 
upon operation was a comparatively simple proc- 
ess, inasmuch as it involved only the maintenance 
of accounts by the Department, of its disburse- 
jnents for labor, fuel, repairs and supplies. In 
connection with this matter, which involved the 
separation of accounting details on the books of 
the City Department, a committee of accountants 
was selected by the three parties in interest, and 
these gentlemen proceeded to establish a system 
of Cost Accounts, which were used in the Depart- 
ment during the year of the trial, in which were 
entered these separated expenditures. 

The Board of Engineers also appointed a com- 
[491 
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mittee which went to work to ascertain from past 
records the amount of money that had been in- 
vested in the plant, and also to decide what wag 
the rate of interest that the city was paying upon 
the money borrowed for the purpose of building 
the Hall of Records and its equipment. The 
Committee also decided the proper rate to set 
aside for the depreciation or annual reduction in 
value of the machinery as it became antiquated. 

These facts and figures afforded the cost of the 
plant as a whole, and it then became necessary to 
divide the cost between the services which were 
provided by the machinery. 

Inasmuch as the particular point at issue was 
the question as to whether the plant could pro- 
duce steam cheaper than it could be bought, or 
electricity cheaper than it could be purchased, 
it was evident that the trial must involve com- 
plete measurements of the quantities of steam 
that were generated and the quantities of elec- 
tricity that were produced, together with deter- 
minations of the uses to which these were put, so 
as to decide the expense of each of these services. 

Moreover, a divergence of opinion had existed 
[80] 
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u to the amount of steam which was really in- 
volved in the heating of such buildings as those 
included in the trial, and some engineers were in 
the habit of estimating upon quantities of steam 
required for tlie heating in the climate of New 
York, which other engineers maintained were 
largely in excess of those actually required. 

The "dvocates of the operation of these small 
power plants in municipal and private buildings 
have maintained that the amount of steam re- 
quired in heating buildings could usually be pro- 
vided by the waste steam passing away from the 
engines after it had been used to generate elec- 
tric energy. Other observers pointed out that 
this would be all very well if the generating of 
electric energy took place exactly at the same 
time and exactly in the same quantity as was re- 
quired to provide the amount of steam necessary 
under all the variations of our extremely erratic 
climate in New York, a condition entirely im- 
practicable of attainment. 

The advocates of electrical elevator operation 
I believed that the use of elevators operated by 
f electric energy was more economical than that of 
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the hydraulic apparatus, and this mvolved the de- 
cision of the number of trips made by the ele- 
vators and the amount of steam and other ex- 
penses connected with their operation. 

No one, prior to this trial, had ever thought it 
worth while to consider what it cost to pump city 
water for use in the sanitary fixtures, and com- 
paratively few people liad any idea of the ex- 
pense involved in cooling water for drinking pur- 
poses. All of these features and a number of 
other important points involved a close and de- 
tailed measurement and record of the several op- 
erations conducted in the plant from hour to hour, 
requiring provisions for a large number of meas- 
uring appliances, some of which were quite com- 
plex and expensive, and others of simple and 
usual character, together with arrangements for 
a corps of observers, who should maintain strict 
watch over all the details of the operation, with- 
out the least cessation of their attention. 

First, a study was required of all the piping 
and valves controlling the flow of steam and 
water, and the switches controlling electric en- 
ergy, and these were made the subject of plans 
[52] 



by which the movement of the steam and water 
could be traced in advance. At the necessary 
points the pipes were then cut open and meters 
placed in them, so as to record the flow of the 
fluid, and electrical meters were placed on every 
line of conductors from each generator, and the 
storage battery, and upon each line, extending 
to the purpose of power or lighting. Most of 
these appliances were self-recording devices 
which were kept under lock and key, in charge of 
the particular observer on duty. 
_ The observations further extended to the 
I weighing of all the fuel and all the ashes in and 
out of the boiler-room, also the recording of the 
variations in pressure of the steam, and the ob- 
servation of exterior tern per atin-es, of the barom- 
eter and wind pressure, all of which have some 
effect upon chimney draft and upon the heating 
of the buildings. 
. The extent of this work may be judged from 
i"the fact that upwards of twenty meters were re- 
quired to record only the movement of water, and 
nine meters were installed upon steam supply 
lines, with fourteen special electrical meters, be- 
[531 



A MUNICIPAL EXPEEIM 



I 



Dard. The I 



sides those in regular use on the switchboard, 
records from all these meters were removed daily 
and filed in an office provided for the purpose by 
the Department of Public Works, in the care of 
an official. 

Visual observations and readings of ther- 
mometers were made every two hours, day and 
night, and these were also filed daily. 

The work of observation required the attend- 
ance of two observers on duty at all times, and a 
corps of assistants was constantly employed in 
checking, comparing and recording, and comput- 
ing the results of the observations. A weekly 
summary of the daily observation was prepared 
and submitted to the Board of Engineers, who 
thus were made acquainted with the progress of 
the observations and the progressive effects 
which they disclosed. 

To conduct the trial and direct the prepara- 
tion of the figures and results, the Board selec- 
ted Dr. Herman Diederichs, of Cornell Univer- 
sity, under whose charge the observers at the 
plant and the computing and recording staff at 
Cornell University were engaged. 
[51] 
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One of the most anxious and difficult tasks 
entrusted to the test engineers was the mainte- 
nance of the accuracy of the devices used in meas- 
urements. This work involved constant observa- 
tion, in order to discover any tendency towards 
error on the part of the different devices, and re- 
quired the testing of such devices from time to 
time, to ascertain their accuracy. In the case of 
certain meters of similar size on similar appara- 
tus, where divergencies appeared that were not 
readily explainable, the devices were removed and 
placed in each other's positions, and then again 
replaced. Others were taken to the laboratory 
and tested, all of which involved considerable 
labor and care, but rendered the general results 
of satisfactorily dependable character. 

With all preparations made, the observations 
and records commenced at midnight on Decem- 
ber 15, 1912, and for the period of an entire year 
thereafter, the record of two-hourly observations, 
supplemented by the automatic records of the 
various meters, decided the following details of 
the operation of this plant: 
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The weight of the coal and of the ashes. 
The character and heating value of the coal. 
The moisture in tlie coal. 

The measurements oE the water used by the boil- 
ers and its temperature. 
TJie volume of tlie steam discharged from tile 



Its pressure and the amount of moisture it con- 

The condensed water drawn from the steam- 

The distribution of the steora to the various ap- 
paratus and the proportional amount of the steam 
used by each of the total. (This item included 
the amount of steam taken direct for the purpose 
of heating buildings in the winter season, which 
was a separate measurement from the amount used 
for the heating purposes, drawn from the waste 
or exhausted steam of the engines and pumps.) 
The steam used by the engines for generating elec- 
tricity. 

The steam used by the pumps for operating the 
elevators. 

The steam used for the smaller services such as 
pumping sewage, heating hot-water, operating the 
refrigerating plant, and pumping house-water. 
The steam used by the feed-pumps, drip-pumps, 
return-pumps, and all auxiliaries used in and about 
the steam power plant. 

In addition to the foregoing, observations were 
taken of the travel of the elevator-cars in all the 
[56] 
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luildings, the amount of water used in the build- 
ings for sanitary purposes, the amount of ieed- 
water cooled and used, and many other details, 
such as tests of the gases discharged from the 
boilei" furnaces, observations of the smoke emit- 
ted from the chimney, determination of the 
amount of electricity required to operate fans to 
ventilate the boiler and engine rooms, and the 
steam involved in operating apparatus necessary 
to circulate the heating-steam in the radiators of 
the buildings, with other records such as the 
wastages of steam drawn from the engines and 
pumps and discharged to the sewer. 

In connection with all this work the division 
of the cost of labor and the materials required by 
different parts of the apparatus was of great im- 
portance, and daily reports were made upon these 
,items. 

The most important part of the work was the 
determination of the quantity of steam used by 
each apparatus, and the proportion of exhausted 
steam returned to heating purposes. These facts 
were ascertained and presented in the follow- 
ing: 

[57}_ 
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^M SUMMARY OP RESULTS OF THE TEST OBSEB^ 


^ft VATIONS FOR 62 WEEKS, 


BY THE 




^M TEST ENGINEER 






^^B Lite Stcau Distribution 




^1 




Per 


^H 


Lbs. 


Cenfe 


^H Total ateam generated 


81,668,868 




^H Absorbed bj condensation tosses iu pip- 






^H ina, etc. (clean drips) 


8,786,126 




^H Proportion of total steam generated 




10.7 


^B Absorbed by boiler auxiliaries (feed 






^^U pumps, etc.) 


8,416,486 




^H Proportion of total steam generoted 


10.82 


^H Absorbed by exhaust heating appliances. 


8,822,004. 




^H Proportion of total steam generated 




4.68 


^H Absorbed by electric power-engines . . . 


86,275,362 




^H Proportion of total steam generated 




44.48 


^H Absorbed by elevator-pumps 


12,509,868 




^H Proportion of total steam generated 
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^H Absorbed by minor services (sewage 






^M pumping, house pumping and re- 






^H frigeration) 


8,691,616 




^H Proportion of total steam generated 




10.0« 


^M Absorbed by live steam to beating 


8,202,887 




^H Proportion of total steam generated 


8.n 


^M Diverted in auxiliaries and drips 


19,206,044 




^H Proportion of total steam usefully 






^M utilized 




76.40 


^H Total steam used in house heating and 




" 


^^1 hot-water heating 


81,896,978 




^H Proportion of total steam generated 


88.40 


^^^ Exhausted ateam used in above 


27,609,926 




^^L Proportion of total heating 
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^^H Proportion of total steam generated 
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ve ste&m iisfd in heatinf; and hot 
water 8,687,088 

Proportion of total steam generated 4.3-1 

Proportion of total heating steam 11.28 

Steam delivered to electric engines. . . . 86,27G,8S2 

Proportion of total steam generoted 44.18 
Contribution of engines to heating .... 11,250,9S6 
Proportion of total ate am de- 
livered to engines 35.87 

Total steam absorbed by exhaust-heat- 

»ing, vocuum and drip appliances. . . 8,822,001 
Proportion of total steam generated 4.63 

Proportion of exhaust steam 

utilized 14.06 

Exhaust Steam Distribution 
Total exhaust available for heating 
work {bouse heating, hot-water Heat- 
ing and refrigeration plant) 52,587,885 

KxhauBt steam utilized in heating work 28,'134,000 
Proportion of total eihaust steam 

available 64.1 

Proportion of total steam generated 14.7 

Exhaust steam discbarEfed tr> ntmn<)< 

phere 28,852.128 

Proportion of total exhaust steam 

available 46.4 

Proportion of total steam generated 29.3 

The operation of the machinery was main- 
tained by the regular staff of fourteen men, under 
the dii-ection of the chief engineer of the building. 
The duties of these men and the details of the 
maintenance and supply of the plant were super- 
[591 
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intended by a mechanical engineer detailed for 
the duty by the Department of Public Works. 

The general effect of the trial was to provide 
the means of determining tlie working conditions 
of the various services over the period of a year, 
with particular information as to its operation at 
any time during that period, thus affording a 
complete picture of the variations and conditions 
at different seasons and under climatic changes, 
and with the variations which are due to the 
working and non-working hours of the building. 

After the completion of tiie test on December 
15, 1913, a period of about three months was oc- 
cupied in the re-checking and tabulating of the 
whole of the facts and figures for tlie presenta- 
tion of the Test Engineer's report, which was ex- 
tremely comprehensive. Thereafter, consider- 
able time was occupied by the members of the 
Board of Engineers in an individual study of the 
results, and the preparation of their opinions 
thereon. 

Some further delay resulted on account of a 
divergence of opinion as to the bearing of the 
conclusions of the trial upon the question of alter- 
[60-1 
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ktive operation of these buildings for another 
year by means of purchased steam and electricity, 
as had been agreed upon. This and other delays 
resulted in retarding the presentation of the facts 
until 1916, when a brief statement of the main 
financial facts was published by the Author. This 
was followed in the year 1917, by a very volumi- 
nous compilation of all the material connected 
with the inception of the trial, its conduct, the 
reported details, and a large amount of corres- 
pondence and briefs, which was published by the 
Bureau of Municipal Research, and failed to 
present the facts and figures in summarized 

taloim. 

* It is in the hope that a review of the essential 
features of the trial, and of its unquestionable re- 
sults, may be found more readily accessible and 
comprehensible, that this story of the test has been 
prepared. 
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CHAPTER V. 

THE FULL COST OF THE PLANT. 

^Tp HE widest feature of the subject dealt witi 

-*- by the trial at the Hall of Records, is the ' 
question of what desirability or advantage re- 
sults from an investment in such plants of ma- ' 
chinery, and the bearing which the resiJt would 
have upon further investments of a similar char-l 
acter. 

The taxpayer would naturally be less inter- 
ested in the question of the continued operation 
of a plant already installed than he would be in j 
the question of the advisability of having ex-< 
pended his funds in its establishment. The re- ' 
suits provided by the plant must be weighed 
against the capital expense which was involved,] 
and if those results could be obtained with equal! 
or less cost by some other means which do not in-l 
volve the use of the capital provided by the com-l 
munity, then there is no good reason why the ex-j 
[621 
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penditure should have been made, or why a pol- 
icy of similar expenditures should be continued. 

The expense involved in purchasing and install- 
ing machinery under municipal conditions is al- 
ways greater than that of similar operations 
under private control, and the Hall of Records 
was no exception to this condition. The money 
which has thus to be expended upon machinery 
by the municipality, is not available, as in the case 
of private enterprises, from the usual source of 
free capital, but it must be borrowed upon the 
credit of the community. That credit is of course, 
limited by the law, and in the State of New York 
it is restricted to one-tenth of the current as- 
sessed value of all property within the municipal 
Hmits. 

Another effective limitation is that of the act- 
ual credit of the municipality, which is reflected 
in the rate of interest, demanded by financial in- 
terests and by investors, upon loans made to the 
city. Thus the larger the indebtedness of the city 
grows the higher the rate of interest required, and 
if the money thus expended is fruitlessly invested, 
the result is that money required for necessary 
[68] 
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purposes, or for more productive purposes, is n* 
only more difficult to obtain, but is more costl; 
when secured. 

In addition, all investments in machinery 
short-lived. Complex moving machinery in is( 
lated plants, such as that in the Hall of Records 
does not have a usefid existence of more than a1 
most, twenty-five years. But in order to secure 
money at reasonable rates it was found necessary 
at the time of the installation of this plant to bor- 
row the funds for the purpose of the construction 
of the building and its equipment by the issuan< 
of bonds having a life of forty years, 

The issuance of long-term bonds of this 
character bearing interest at the rate of 3^ per 
cent for forty years, involves the eventual pay- 
ment for each one hundred dollars, of $140 in in- 
terest and $47 in sinking fund. 

In expending money thus borrowed upon ma^ 
chinery it will be evident that at the time the ma- 
chinery has become worn out or has to be re- 
placed, the indebtedness will not have been paid, 
so that the interest and sinking fund charges will 
continue for another period of years, and mean- 
[641 
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time, a second issue of bonds must be made to re- 
place the superannuated machinery. 

The borrowing of money for such purposes by 
a municipality, always involves the return of the 
capital at the end of the stipulated term of the 
bond. The only way in which this can be accom- 
plished is to set aside each year, out of the taxes 
paid by the taxpayers, a sum which invested at 
compound interest will, at the end of the term of 
the bond, repay the capital to the lenders. Thus 
in the end, the taxpayers pay every dollar of the 
expense involved, and in the case of machinery, 
they are for a great part of the term of the bond, 
paying for something that has passed out of exis- 
tence. 

The process is entirely different from private 
investment in the stock of commercial corpora- 
tions, which is a continuing investment, not in- 
volving repayment at any particular date. 

In the case of the Hall of Records the large 
sum of $5,979,000 was borrowed and expended 
upon the construction of the building, by the sale 
of corporate stock, the major portion of which 
mattires in the year 1940. In addition to this, 
[65] 




$1,610,000 was borrowed to pay for the land oc*| 
cupied by the building, making the total expendi- 
ture nearly seven and a half inillions of dollars, 
repayable in about thirty-five years. 

Of this borrowed money, about $118,532 was 
expended on the steam and electric power plant 
at a rate of interest averaging 3.48 per cent. Th( 
annual interest on the plant thus amounted ta 
$4,125, to which the annual amortization charges 
or contribution from the taxes to repay the capi' 
tal, added approximately $835 a year, making fl 
total of $4,960. 

A large sum of money was expended in pro- 
viding the space in the sub-basement for housing 
the plant of machinery. 

This space having a certain practical useful- 
ness in a public building of this character, may be 
regarded as a proper expenditure if used for itst 
particular purposes, but it must be evident thi 
if it be occupied by machinery, then its use for, 
practical purposes such as the storage of doo 
lunents or goods, is rendered impracticable. A» 
the city is compelled to pay rental for space in 
number of buildings for just such purposes, and 
[Ofll 
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THE FULL COST OF THE PLANT 

as the demands for space in this building for the 
housing of public records were in excess of the 
available space provided, the installation of the 
machinery directly reduced the value of the build- 
ing from this standpoint. 

The commercial value of the space was there- 
fore studied in considerable detail, and it was 
suggested by the representative of the City De- 
partments that its- value could be ascertained by 
the summarization' of the total annual expendi- 
tures involved in the operation of the building, 
and its fixed cliarges. and the division of this cost 
between the several floors in proportion to their 
accessibility, and the character of their usage. 

Such spaces are relatively expensive to build 
and to maintain. The cost is usually in excess of 
the average cost of other parts of a building. 

In this building it probably cost about iVa 
dollars per cubic foot, or about $650,000. the an- 
nual fixed charges on which were about .$7,800. 
and its lighting and ventilation cost about $4,000 
a year, while the cost of pumping out sewage 
_Jrom its toilet fixtures cost $1,200 a year. 
Ks it represented no useful or conunercial service. 
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a year,'^ 



these expenses, aggregating $18,000 a year, 
formed a burden on the worth of the products of 
the machinery plant. In commercial buildings 
such spaces, unless rented, detract from the re- 
turn upon the cost of the building, and the ex- 
penses of light, ventilation and sewage extraction 
are borne by the rentals of other parts of the 
building. 

Upon a proportion of the total expense of the 
building, of 4.46 per cent, the sub-basement thus 
represented an annual expense of about $23,368, 
which represented upon a useful area of 18,000 
square feet, $1.30 per square foot of the space 
occupied, or for the actual area occupied by the' 
machinery, about $7,800 a year. 

This is the annual cost which is paid by the tax- 
payers for the provision of the space for use by 
the machinery. 

There is another consideration which is in^ 
volved in the construction for public purposes of 
such a building as the Hall of Records, which is 
often disregarded and which is not explained to 
the taxpayer at the time when such public im- 
provements are undertaken. It consists in the 
[88V 
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loss which the city incurs by taking away private 
property which is paying taxes, and diverting it 
to public purposes which do not pay taxes. In 
the case of this builduig it was ascertained that 
the land and its improvements brought in to the 
city an annual income of $70,830, which of course 
ceased when the land was taken over by the city. 
Another element which enters into the cost of 
the operation of all such municipal buildings and 
their equipment, is that of supervision, which is 
as necessary under municipal conditions as under 
private control, and is always relatively an ex- 
pensive item. The cost of this duty in the case of 
city buildings is not difficult to ascertain. They 
are all placed under the direction and charge of 
a special bureau, known as the Bureau of Public 
Buildings, which is a part of the organization of 
the Department of Public Works. 

The accounts for these Departments are all 
available, and tlie expenditures which are made 
therein upon salaries, office expenses and contin- 
gencies, are distributable over all the operations 
conducted by the Department. 
uXt was found that these expenditures repre- 
[891 



sented an addition of 6.88 per cent, to the cost 
the upkeep or maintenance of all the public build- 
ings and their equipment, and therefore, that this 
percentage should be added to the expense of the 
operation of the Hall of Records building and it» 
machinery. 

For the year of the trial it was found the total 
operating expense of the entire building, includ- 
ing the machinery, amounted to $60,572. and td 
this the expense of supervision added $3,852, of 
which six-tenths was required by the siipervisioie 
of the machinery. 

We now reach the last of the large items ol 
standing cost in the operation of this pnbhc build-- 
ing. which is the somewhat difficult elenienl 
known as depreciation. This is a financial provi- 
sion which is often misunderstood,' because the 
term is frequently misapplied to the pliysical fail'4 
ure of a building or of machinerj', which is prop-J 
erly to be described as deterioration and obsoles- 
cence. This latter term describes the change 
which takes place in the commercial value of 
building or a machine, due to changes in the u; 
of either, or to the development of other methods] 
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accomplishing the purposes for which the 
building or the machinery was erected. The pro- 
vision for the result of these processes is what is 
mown as depreciation. 

As regards machinery, the circumstances which 
may have to be provided for are less readily fore- 
seen and calculable than they may be in the case 
of a building. Thus a building may be useful for 
fifty to one himdred years, with reasonably ex- 
I. tensive changes and alterations, although no one 
could say that at the end of a century it would 
still he as commercially valuable as it is at the 
present time. In the case of a municipal build- 
ing, for instance, radical changes may take place 
in the convenient location of city government, or 
even in the character and the methods of that gov- 
ernment, which cannot be foreseen. 

In so far as its mechanical equipment is con- 
cerned, however, past experience indicates that 
within a period of less than a quarter of a cen- 
turj' all machinery becomes antiquated and worn- 
rnut in vital parts, and should be removed and 
tsuperseded by other and more modern apparatus. 
Thus the provision for the loss of this machinery, 
[71 J 
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as well as some eventual decline in the usefulneM 
of the building, should properly be made in any 
thorough study of the financial expenses involved 
in their construction and maintenance. This is. 
the process known as depreciation, which i: 
financial system of providing in advance for loss 
of the value upon which the capital has been 
expended. 

The subject is further misimderstood by those 
who represent that inasmuch as the original capi- 
tal invested by a municipality in the form of bor- 
rowed money upon the building or plant, is to be 
repaid out of the taxes at the end of the term of 
the bonds, that the property then belongs entirely 
to the taxpayer, and has been paid for in full out 
of his pocket, and, therefore, no necessity exista 
for the establishment of a depreciation fund, 
which at that time or any other time shall be ac- 
cumulated so as to replace the machinery or build- 
ing, which has then been paid for. 

This view is mistaken, because just as in the 

case of a privately-owned property provision for 

a depreciation fund is entirely necessary, the only 

difference between the two financial processes is, 

[72 "i 
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that the commercial or private investor has paid 
out the money for liis building or his plant in cash 
at the time of the construction, while the taxpayer 
has borrowed the money and repaid it in annual 
contributions. At the end of a certain term the 
buDding and the machinery become useless and 
the private investor and the taxpayer finds that lie 
has spent his money for something which repre- 
sents now a decreased value. Where will the 
money come from tliat shall replace the building 
or the machinery? 

Unless a fund has been accumulated out of the 
earnings of the building or the plant, or out of 
suitable contributions by the owner for the pur- 
pose, then another new borrowing has to be made 
to replace the building or its plant. 

Thus the proper and careful consideration of 
the circumstances of the plant in this building as 
in all others, include a charge for depreciation. 

There was no division of opinion between the 
engineers engaged in the test, upon this general 
subject. The proper rate to be applied was 
studied very carefully, and varying rates were 
applied to the machinery, having regard to the 
[781 
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probable useful life of tiie various parts of the 
plant. Ill this way they arrived at rates wliich 
total $7,407, as representing the depreciation of 
the steam generating plant and machinery 

The foregoing considerations thus afforded the 
means of summarizing the total yearly cost of 
operating the Hall of Records building, which ag- 
gregated $521,000. 

The ascertainment of these several features of 
expense now rendered it possible to proceed to 
the consideration of the total cost involved in the 
operation of tlie machinery as separated from the 
general operation of the building. The determi- 
nation of the exact amounts expended on the 
plant during the year of the trial, was a sum of 
$39,311. This represented what is known as the 
operating costs of the machinery plant, and cov- 
ered only the payments made for fuel, supplies, 
repairs, and labor in the engine and fire rooms. 

There were a number of items to be added to 
this operating expense, in order to afford a com- 
plete statement of the total expenditures, in which 
the city was involved in installing and operating, 
this plant. 

[741 
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Thus, the Biinual payments of interest 

The depreciation upon the plant, added 7,407 

The expense of the floor space 

The supervising expense was 2,G20 

And the operating disbursements, with 
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Making a total of $62,239 

This was the full expenditure of the taxpayers 
upon the operation of this plant for the year 1918. 
For this sum of money the results secured are the 
following services and their cost : 

The heating during the winter season of the 
four buildings, including the heating of warm 

water supplied for sanitary purposes $16,786 

The generation of electric energy for lighting 
the buildings as follows: 

The Hall of Records 12,480 

The County Court House 5,302 

The City Hall 2,955 

The City Court Building 1,875 

The operation of the ventilating fans in the 
Hall of Records and sundry small power 

purposes 1 ,270 

The operation of the storage battery. , . . 1.004 
The lighting of the machinery spaces and 
boiler room, and the operation of fans 

for ventilating those spaces 5,008 

The operation of the elevators in the Hall of 

Records and the City Court Building 10,288 

Tlie pumping of a supply of city water to the 
several buildings for sanitary purposes .... 1 ,980 

[75] 
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S. The cooling o! driDking water for use ia the 

Hall of Recorda 2,799 

fl. The pumping to the aewer of the drainage from 
sanitary fixtures in the sub-basement of Hall 
of Records 1,21* 

The costs thus ascertained represented the 
value of the net services secured by the operation 
of the plant. Those items which were merely con- 
tributory to the operation of the plant itself, are 
not useful products of the machinery. All that 
was obtained for the total sum expended was, in 
brief, the heating, the lighting of the several 
buildings, the partial ventilation of one building, 
the elevator service of two buildings, the provision 
of hot and cold water service for all buildings, and 
the cooling of the drinking water in one building. 

In considering tlie division of expenses among 
these services, it will be evident that unless a fair 
distribution be arrived at, the cost of one may be 
unduly enhanced, while the cost of others is re- 
duced. 

It would be unproductive of a common-sense 

result to assume, for instance, that the electricity 

produced was without any cost, on account of 

part of its steam having been used in the heating 

[76] 
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of the building. The result of such an assumption 
would be to throw the burden of cost upon the 
process of heating to such an extent as to make 
it more expensive than it would have been if con- 
ducted by steam purchased from the Steam Com- 
pany. Inversely, if it were assumed that the heat- 
ing of the building cost nothing on account of its 
having been accomplished in great part by ex- 
hausted steam, then the effect would be to cast 
the burden of the greater part of the expenditures 
upon the production of electricity, or other serv- 
ices. 

The test, however, established the relative 
quantities which were used for each service, of the 
fuel, the supplies, the repairs and the fire-room 
labor, so that the distribution of these expenses is 
readily made. 

The test decided that the steam was used in 
the following proportions : 

Per Cent 

Heating 40.57 

Electricitj 39.82 

Elevators 12.05 

Water Pumping 3.8 

Cooling Water 2.8S 

Sewage Pumping 0.91 



This disposed of the expenses of the production 
of steam, and left only the engine-room labor, 
supplies and repairs. In great part these items 

• were distributed by the daily labor time sheets, 
and with small exceptions the department 
charged the cost of supplies and repairs to each 
service. 

Thus, one-half of these items were decided in 
the following proportions, and the remainder, 

I which was chiefly composed of the salary of the 
chief engineer and his three assistants, could be 
fairly apportioned in the same relation. 
Per Cent 



Electricity t8.6 

Elevators : 16.8 

Water Pumpiug 8.6 

Cooling Water 4.4 

Sewage Pumping 2.1 



The expense of space, and the interest and de- 
preciation charges could be readily dealt with by 
separating those relating to the steam plant fnim 
those of the machinery. 

These fixed expenses connected with the steam 
plant are divided in proportion to the use of steam 
by each service. 

[79] 
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Tliose relatinj; to the machinery are directly 
proportioned to their size or the space occupied, 
their original cost, and their probable term of 
useful existence. 

The total cost demonstrates that the produc- 
tion of steam and the generation of electricity and 
the other operations were conducted at an ex- 
pense considerably in excess of what might be ac- 
complished by other methods, combined with the 
purchase of electricity, even with the maintenance 
of the present fixed charges. 

In point of fact, by the city having gone into 
the expense of installing this plant for these pur- 
poses, the operation was conducted at a loss, ' 
amounting during the year of trial to fully $30,- . 
000. 

The result of the investigation of the expenses, 
whatever be the division of the cost to one or other 
of the services it supplied, could lead to no other 
general conclusion than that the investment of the 
city in this plant was a financial mistake, and that 
the policy of the establishment of such plants in 
municipal buildings is not justifiable from any 
financial standpoint. 

[SO] 
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THE COST OF PEBSONAL SERVICE. 



T NASMUCH as the city had already made the 
-*■ investment involved in the installation of this 
plant, and the fixed expenses in connection with 
the capital could not be brought to an end even 
if the plant should be put out of service or re- 
moved, the next question of interest is what econ- 
amy might be found in the partial or complete 
substitution for the operation of the machinery of 
purchased supplies of steam or electric energy. 
Naturally, in connection with such a considera- 
tion, the largest element which would affect the 
results would be that of labor. This would be 
true to a great extent in any commercial plant, 
but it is particularly prominent in the case of 
mimicipal operations. 

The cost of labor in this, as in other municipal 

plants of machinery, is relatively high. It was by 

far the largest single item of expense, being fifty 

per cent, of all the operating disbursements. In 

[82] 
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well managed private plants of a similar charac- 
ter the expense of the labor employed about the 
plant has been generally found to be about equal 
to the cost of fuel, prior to advances in price more 
recent than this test. 

In some plants under private management of 
the size of that ui the Hall of Records, labor 
would in the past have cost considerably less than 
fuel, but under municipal management it is al- 
ways tlie case that the cost of labor has exceeded 
that of fuel, sometimes very largely. 

Upon the prices of coal which prevailed until 
quite recently, the labor in city buildings will be 
found frequently to cost twice as much as the 
fuel. In point of fact, in the Hall of Records, 
prior to the investigation which resulted in the 
test the labor cost $28,000 a year, as against the 
fuel cost of nearly $14,000. 

During the period of the trial, when every 
effort was made to economize, both in labor and 
in fuel, the former was reduced to $19,100 as 
against a fuel expense of $15,296. 

The comparison may be more clearly under- 
stood by relating the cost of the labox em^Vx^sA. 
[881 
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in the fire-room in handling the fuel, to the weight 
of the fuel. In this building the cost of fire-room 
labor was $1.67 per ton of fuel handled. The 
average cost under private operations in well 
managed plants, varies from 55 cents to 85 cents, 
upon the same character of fuel and in the same 
locality as the Hall of Records, 

It will, of course, he observed that the rate of 
pay of firemen under municipal operations, is 
much higher than that paid in private service. In 
the latter the average wages paid to firemen per 
diem vary from $2.15 to $2.50 for a day of ten or 
twelve hours, while in municipal service the fire- 
men receive $3 a day for eight hours' labor. But 
even so, the amount of work accomplished by the 
firemen is much less than would be expected in 
the case of private operations. 

During the conditions prevailing prior to the 
trial, it was observed tliat tlie firemen in this plant 
handled an average of only two tons of coal per 
day per man. As an illustration of the amount 
that ma^' be handled by a less amount of labor un- 
der private management, one building may be 
mentioned in which the average amount 
[84^ 
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per diem per man is three tons^ and during short 
periods of very cold weather, it has not been un- 
common to observe as much as a ton and even a 
ton and a half an hour, being handled bj' a single 
fireman, aided by a coal-passer, or helper. 

The relation which the labor bears to the 
amount of fuel handled, of course, varies with the 
seasonal demands for the production of steam, 
and thus In summer time when the amount of fuel 
consumed is very greatly reduced, the same force 
of labor is, under municipal conditions, usually 
maintained, and the relative cost in the Hall of 
Records rose to no less than $2.40 per ton han- 
dled, nearly doubling the cost of the fuel. 

A similar condition of expensive proportion of 
labor during the summer season is to be found in 
nearly all private power plants operating under 
conditions such as the service of office, business 
and mercantile buildings. The demand for elec- 
tric light and for steam for heating purposes, of 
course, is greatly reduced, and yet the plant must 
be kept in operation, and the services of valuable 
men may have to be maintained, in order to insure 
their emplojTiient in the winter season. It fol- 
[851 
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lows, therefore, that labor is often most uneco-: 
nomically employed under such circumstances 
during one-half of the year. 

In comparing the cost of steam production by 
private installations with the cost of the supply 
of the New York Steam Company, it is, there- 
fore, necessary to look into the conditions in the 
fire-room during the entire year, and in daj' and 
night operations. * 

The circumstances are less advantageous to the 
operation of a private plant under municipal 
management, on account of the legal restrictiona 
upon the hours of labor. It was necessary in the" 
Hall of Records, as in other municipal buildings, 
not only to employ three sets of firemen to 
complete the twenty-four hour service, but toi 
maintain a licensed fireman on duty at night 
in the plant, whether there were any boilers 
in actual service or not. It thus came about in 
the Hall of Records, that during the summer 
nights, when the boilers were standing with' 
banked fires, and rendering no service whatever, 
B gang of licensed firemen were maintained on 
duty. The same conditions apply to the labor 
[86] 
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employed on and about the machinery. These 
men are paid higher wages than are obtainable 
in private service, the assistant engineers receiv- 
ing four dollars and fifty cents a day, and even 
oilers, an unskilled form of labor, receivinff three 
dollars per diem. 

All of these men work only for eight hours, and 
in their case also a licensed engineer is required 
.to be on duty in any engine-room where high- 
pressure machinery is installed, whetlier the ma- 
chinery is in operation or not. 

During the summer season, with the employ- 
ment of the storage battery in this plant, it was 
not necessary to keep any of the machinery in 
operation at night, yet a full staff, composing an 
engine and fire-room watch, was on duty every 
night. 

It may well be imagined that organizations in- 
terested in labor conditions for the benefit of the 
skilled workmen, are actively interested in the 
continuance of the operation of such plants, as 
iflFording the means of employment to a number 
if their members. The effect of any economical 

langes are keenlv scanned by those thus inter- 
[871 
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ested, with a view to opposing any reduction of 
the labor which may be employed. 

The staff had been reduced to fifteen men, and 
under ordinary circimistances would probably 
have included a greater number. Some com- 
plaint was made during the trial by the repre- 
sentatives of labor, that the number had been too 
much reduced in the effort to secure economy dur- 
ing the period of the trial. 

Advocates of the maintenance of such plants, 
both in municipal and private operation, usually 
hinge their arguments for the continuance of the 
use of such machinery upon the necessity for the 
continued employment of labor, even if the oper- 
ation of some part of the apparatus be dis- 
pensed with, by the purchase of steam or elec- 
tricity, or refrigeration, or water, from other 
sources. Th\is in the case of the Hall of Records 
the question as to the amount of labor that would 
necessarily have to be retained in employment 
upon the disuse of the electrical generating en- 
gines, or of the steam-generating boilers, became 
the subject of considerable discussion and of 
some divergence of views between those regard- 
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ing the matter from a practical or commercial 
standpoint, and those viewing it from a depart- 
mental point, or from their interest in the oper- 
ation of isolated plants. 

-The item of labor in the department was, there- 
fore, that upon which the main contention 
centered. 

Only part of this labor was charged daily in the 
Department accounts to the separate services, 
leaving about one-third, undistributed. 

The effect on unit prices, of leaving this undis- 
tributed expense out of consideration, would be 
as follows: 



Heating . 
Electricity 
Elevators . 
Water ... 
Cooling . . 
Sewage . . 

And it still leaves the operating cost only of 
electricity, exclusive of any fixed charges and 
space, at 2 cents per k.w. hr. 

The minimum reduction which was proposed 

by those whose view it was that the operation of 

[891 





Per Cent 
ofTota! 
Cost 


Unit Cost Affected 


$689 


4 


2 cents per 1000 lbs. 


8557 


12 


fl/10 of a cent per k.w.h 


1600 


15 


9 cents per car mile 


226 


11 


6 cents per 1000 eu. ft. 


298 
169 


10.7 
13 


31/2 cents per 100 lbs. i 
$2.00 per 1000 cu. ft. 
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the plant should be maintained, provided that 
upon the discontinuance of the electrical gener- 
ating apparatus, the services of two oilers could 
be dispensed with, and the fire-room staff reduced 
to three men for the two hundred and fifteen days 
of the summer season. This made a total reduc- 
tion in expenses of $4,125, out of $19,102, or 
about 20 per cent. 

A closer investigation of the actual work of 
these men, as recorded in the labor sheets, indi- 
cated that a much larger reduction could he made, 
and that with the electrical engines out of oper- 
ation, it would be quite possible to so reduce the 
hours of day and night labor as to operate the 
staff with a complement of eight men in the win- 
ter service and five men in the summer service, 
which would have had the effect of reducing the 
labor cost by $8,760 per annum, a reduction of 
more than 45 per cent. 

This was largely due to the unquestioned fact 
that the amount of fuel required to be handled 
would he greatly reduced, and that there would 
no longer be the least excuse for the maintenance 
of the operation of machinery at night during all 1 
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times in the year, and that during the summer 
season, by utilizing electricity for the elevators 
and house pump services, there would be no rea- 
son for operating steam boilers at all. 

By the purchase of both steam service and elec- 
trical service, the labor conditions could be still 
further modified, and it was suggested that if this 
course were followed the force could be reduced 
to four engineers. These views were, however, 
resisted very strenuously by the representatives 
of the Department, who were admittedly affected 
in their views by the influence of labor organiza- 
tion representatives, who were constantly on hand 
during the trial, and kept themselves familiar 
with the conditions obtaining there, and were 
careful to let their views be known to the officials. 

The question was practically solved by the pro- 
posal of the New York Seri-ice Company, an or- 
ganization which is engaged in maintaining a 
number of steam-power and heatinji plants in 
this city, who upon a careful investigation, of- 
fered to undertake the operation of the steam and 
pimiping plant, in combination with a purchased 
supply of electricity, for figures which were sub- 
[91] 



stantially less than those disclosed by the test fa 
any given amount of steam which might be foun( 
to be required under the changed conditions. This 
offer inchided the employment of labor of the city 
employes to the necessary extent, upon the same 
rates of wages and the same hours of labor i 
under direct municipal management. 

The entire expense of the operation of the plant 
for the year of trial was $62,229, inclusive of aS 
elements, and the offer of the New York Servioi 
Company, together with tlie cost of electric ( 
ergy as disclosed by the trial, in the quantitj 
necessary to maintain all the services of equal e 
tent, amounted to a total of $50,533. This wai 
upon an estimated amount of steam which thi 
representatives of the New York Edison Cooi' 
pany considered would amply supply the equiva- 
lent of the services developed during the yea] 
1913. 

An alternative offer was made upon another 
estimate of steam requirements, made by repre- 
sentatives of the Bureau of Municipal Research, 
the total cost being $51,640. 

A third offer was made, based upon ( 
[92 1 
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of liberal estimates of requirements for steam 
made by the representatives of the City Depart- 
ment, at a price of $58,826. 

It will be observed that all these proposals 
were substantially less than the total cost of op- 
eration of the plant during the period of the trial. 

Accountants who made an independent investi- 
gation of the figures determined by the test, also 
demonstrated that if new buildings of the same 
character, and with the same requirements, had 
been constructed, and no power plant had been 
installed, the steam plant could have been oper- 
ated for the heating of the building, and electric 
energy could have been purchased for exactly 
equivalent services, at a total annual cost of from 
$43,4.00 to $46,200. These figures confirm the 
general conclusion that the installation of this 
plant and its operation, even under the most care- 
ful and economical municipal management, in- 
volved the city in a continuing loss of the differ- 
ence between its existing total expense and that 
which would have obtained if no such power plant 
had been installed. 
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CHAPTER Vri. 



THE COST OF PRODUCIXG STEAM. 

' I ^ HE production of steaui under pressure in 
the process which underlies all the opera.- 
tions of such power plants as that in the Hall of 
Records building. It involves the employment of 
skilled labor in the firing of coal, the purcliase, 
storage and handling of the fuel, the removal of 
ashes and clinker formed in the process of com- J 
bustion, the supply and heating of the watei 
which is to be evaporated into steam, and finally, 
the lighting and ventilating of the space occupied 
by the firing staff. There are in addition to theJ 
foregoing, expenses in the upkeep of the boilers»l 
the repair of worn or broken parts, the renewal at 
regular intervals of various parts of the furnaces, 
especially of the grates, and the inspection and j 
cleaning of the exterior and interior of the hoiler% J 
much of which work must be done by skilled me-J 
chanics, whose services are an addition to the ex-j 
pense of the firing labor. 
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OF PRODUCING STEAM 

In the Hall of Records the combustion of the 
fuel also involved the operation of a forced draft 
blowing fan, operated by a steam-driven engine, 
the expense of operating which naturally became 
a charge upop the cost of the steam which was 
produced. 

During the trial a special effort was made by 
the Bureau of Public Buildings to secure an effi- 
cient operation of this part of the plant, with 
fairly good results iu the effective combustion of 
the fuel. This fuel varied in character during the 
test. For the first five months, a mixture of bi- 
tmninous or "soft" coal and anthracite or "bard" 
coal, was utilized at an average cost of $2.86 per 
ton of 2,000 pounds. The use of this mixture, 
even with the most carefid methods of control of 
the air supply, residted so frequently in the emis- 
sion of volumes of black smoke from the chimney, 
that the attention of the public press was 
drawn to it and some articles appeared in the 
papers, reflecting upon the Department in charge 
of the building, as being violators of the regula- 
tions of the Department of Health in this respect. 
■ As a result of this situation the Bureau of Pub- 
[95] 
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lie Buildings abandoned the use of the soft and 
hard coal mixture, and for the seven succeeding 
months used anthracite fuel of the size and qual- 
ity known in trade as No. 1 Buckwheat, the avi 
age price of which was $3.30 per ton. 

Throughout the entire period of the test the 
average cost of fuel thus became $2.95 per ton, 
and the total amount which was burned was 5,16fi 
tons, hy means of the combustion of which a total 
of 81,653,979 pounds weight of water was 
evaporated into steam. 

The relation of the fuel to the product was of 
a fairly satisfactory character, being 7.9 pounds 
of water evaporated per pound of fuel burned. 
This result was partly secured by a method em- 
ployed by the Bureau, which stimulated the in- 
terest of the firemen in aiding the demonstration 
of efficient operation of the plant. A large black- 
board was hung in the fire-room, upon which was 
written at intervals the result of the work of the 
firemen during each watch. This induced the 
men to eflfect the best results during the period 
of their watch. 

A part of the observations of the trial extended 
[061 
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Ito the analysis of the gases discharged from the 
boiler furnace to the chimney. A very elaborate 
apparatus was provided for this purpose, and 
careful note was taken of the efficiency of the 
combined process of burning the fuel and trans- 
mitting its heat to the water. 

The average result during the entire period of 
the test was an efficiency of 69 7/10 per cent. 
This may be regarded as a good result imder com- 
^^mercial conditions. 

^H^ As has already been mentioned, the eifort made 

^B'by the Denartment towards efficient operation of 

^Bftiiis plant resulted in a reduction of the labor 

^H«vhich had been previously employed in the fire- 

^^B'room, the number of men being reduced from 

eleven to eight. ,This very plainly indicated the 

extravagant extent of the employment of labor 

under normal municipal operating conditions, 

the reduction of the number to those who were 

found to be sufficient for tlie work done diu-ing 

the trial, being 37 per cent. 

Even under these conditions the cost of labor in 
relation to the fuel handled was excessive in com- 
rison with equivalent conditions under private 
[97] 
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management, due in great part to the municipal 
system of eight-hour service, involving three 
watches of the firemen per twenty-four hours. 
The result of this arrangement was a total cost 
for labor per ton of fuel handled of $1.67, or an 
addition to the average value of the fuel of more 
than 50 per cent. 

The employment of an ample staff of firemen 
upon a three-watch basis, results in much irregu- 
larity in the extent of actual labor exerted by the 
men. The total number employed is naturally 
that which will be required to handle the maxi- 
mum amount of fuel expected to be consumed at 
some particular time. The result is that these 
men have very little to do at times of minimum 
demand for steam. The observations during this 
prolonged test showed that a maximum condition 
existed only during one week of the year, the 
eighth of the test, the period being that of the 
very coldest weather. At tliis time and under 
these conditions, the fuel required to be handled 
was very easily within the capacity of the men 
were employed. 

happened that shortly after the conclusion 
[98] 
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of the trial a very unusual combination of ex- 
tremely cold weather with a stronp wind arose on 
the 14th of January, 1914, bringing about a de- 
mand for the consumption of fuel which was most 
lumsual in extent. Observations on that day in 
the Hall of Records showed a consumption of 85 
tons of fuel, which was more than double that 
which was consumed during the day of greatest 
demand during the period of the test. This un- 
usual quantity, however, was handled without 
difficulty by the same staff that had been em- 
ployed during the trial. 

It wilt be evident from these observations that 
the cost of the same labor when employed upon 
the combustion of the much lessened amount of 
fuel in summer time would very greatly enhance 
the cost of steam production during that period, 
and it was found that the cost of labor per ton of 
fuel consumed during the summer rose to $2.40, 
practically doubling the cost of the fuel. 

Under such circumstances, which will be found 
to be existing to some extent in all plants in busi- 
ness buildings, it becomes a question whether the 
cost of the steam in such reduced ^jiOKt^^"? ^ '^^^ 
[Ml 
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in excess of that at which it could be purchased 
from a public supply, even at a relatively high 
price or rate. So pronounced is the cost of the 
production of the small amount of steam often 
required in small buildings, that it even becomes 
probable that the use of gas at prevailing prices 
may be a source of economy. In particular, dur- 
ing many hours of summer night service in the 
Hall of Records no steam at ail was raised, and 
the watch of firemen employed during that tL 
were performing no productive service. 

One of the special objects of this trial was the 
comparison of the cost of the production of steam 
with that of a supply purchased from the service 
of the New York Steam Company, the supply 
provided by which Company would have avoided 
the entire expense of labor and fuel, and would 
also have rendered unnecessary the use of the 
steam blower, the feed-pumps, return-pumps, 
blow-off or drip-pumps, the feed-heater, and the 
use of the electric ventUating fans and the gas 
and electricity for lighting the fire-room. It 
would also have rendered unnecessary the cost of 
the removal of ashes and the use of city water,] 

[ioo-\ 
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Further, had this service been adopted prior to 
the installation of the boilers and their appurte- 
nances, it would have saved the entire investment 
in boilers, the cost of which was approximately 
$32,850, and the fixed charges on which amount 
to $3,056 ner annum. 

Further, the amount of steam thus required to 
be purchased would always have been less than 
that which was required to be produced in the 
boilers, because no steam would then have been 
required to operate the auxiliarv pumns, which 
alone consumed 10 7/10 per cent, of all the steam 
which was generated during the trial. It would 
thus have come about that the amount of steam 
required to be purchased would only have been 
87 per cent, of that which was necessarily pro- 
duced in the plant. It would have been quite pos- 
sible to utilize the New York Steam Company's 
supply to continue the operation of electric and 
hydraulic engines and pumps, or it could have 
been purchased for the purpose of the heating of 
the biiildlngs if those engines and pumps should 
be discontinued. 

It would also have been possible to arrange for 
[ 101 ] 
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the supply of this steam during the summer sea- 
son, continuing the operation of the steam boilers 
during the winter or heating season. This ar- 
rangement, however, presented the difficulty of 
dispensing with the firemen's labor during the 
summer season, and their re-engagement for the 
winter season. This is a process which can be, 
and frequently is done in private operations, 
many of the firemen find employment during the 
summer season on steamboats, and at its conclu- 
sion are available for employment in the buLId- 
iogs and power plants. But municipal employees 
cannot so readily be discharged and re-engaged. 
It must be noted that the price at which the 
New York Steam Company would sell steam to 
the city, which at the time of the trial would have 
been about 42c per 1,000 pounds weight of water 
in the form of steam, would be accompanied by an 
advantage to the city of the payment by the Com- 
pany for the water which is thus used and turned 
into steam. The New York Steam Company has 
been paying for water used in this manner for 
many years about $40,000 annually, at the regu- 
lar price of $1 for each 1,000 cubic feet of water. 
[102] 
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Thus in purchasing its steam supply from the 
New York Steam Company, the city would be 
securing an additional revenue from that Com- 
pany by payment for the water used for its 
supply. 

It may be noted that the Steam Company nat- 
urally uses more water per 1,000 pounds of steam 
sold than the actual weight of the amount thus 
delivered, since it has various losses by condensa- 
tion in its plant and piping, which have to be pro- 
vided bv water purchased from the city. But 
even taking the net amount in question, it will he 
found that the city gains 4 per cent, upon the cost 
of the steam by this return in the form of payment 
for water. 

The expense of the operation of steam produc- 
tion involved that of the removal of ashes from 
this plant, the process proving during the period 
of the trial to be one in which the element of humor 
was somewhat conspicuous. It was alleged by the 
Bureau in charge of the operations that the dis- 
posal of these ashes could be effected without any 
expense to the city, and that in point of fact, 

^H^ey might even be made a source of profit by 

■^^ [1081 
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being sold for building purposes, and that i 
ease they would be removed by wagons hired and 
utilized by the Department of Public Works at 
less expense to the city than by the usual means 
of the wagons of the Department of Street Clean-, 
ing. 

■The latter was the method of their removal; 
prior to the trial. That Department conduct* 
this operation for all city departments, as well aff 
for the general public, at a cost which averages 
74 cents a wagon load, or about 5 cents per 100 
pounds weight. The quantities have become so 
large and the expense so heavy, that the Depart- 
ment has of late years refused to undertake the re- 
moval of the ashes from large steam plants, andj 
has required their owners to make arrangementa 
with private contractors for the purpose. 

The prevailing price paid for this work is the 
same figure, 5 cents per lOO pounds. 

For the purpose of economical utilization of 
the ashes the Department of Public Works hired 
from a contractor a team and driver at a cost 

50 per diem, and started a process of removi 
of the ashes which they claimed were worth 
1 104 A 
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itast ?5 a day for filling-in purposes of the Bu- 
reau of Highways. 

A little observation of the circumstances that 
followed readily indicated that the ashes were be- 
ing disposed of in a very different manner, and 
without informing the officials or the teamster in 
charge, the movements of the latter were followed 
by observers, whose reports became most amus- 
ing in their disclosure of tJie methods that were 
followed. These observations showed that ap- 
proximately one-third of all the loads of ashes 
were taken directly to the scows of the Depart- 

Fment of Street Cleaning and were thus disposed 
of at public expense, that approximately another 
third were dumped on vacant city properties un- 
der conditions adverse to their appearance, if not 
to the public health, and only about one-fourth 
i usefully utilized in some municipal building 

I operations then in progress. 

No. of Loads or 

Portions of Loads Per 

Destination of Ashes Carted Away Cent 

f Used at the New Municipal Building 21 25.3 

[ Strewn under Manhattan Bridge 17 20.6 

^Strewn at rear of Children's Court 

BuUding 10 12.1 
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Scattered in Stieet 9 

Carried to the East River Aah Dump 
of the Dept. of Street Cleudng ... 26 



The methods under which the removal was 
effected by the municipal employees were illus- 
trated by the following observations, being one 
of a number made from time to time over a period 
of seven months of the trial. 

May 6, 1918 
"We reported at Reade street side of Hall of Recorda at 
7 :00 a.m. on tlie 6th instant, and found single cart marked 
'Bureau of Highways, Manhattan, No. 80,' loaded with 
ashes; left at 8:02 a.m., went to Clinton street dump, ar- 
riving at 8:23 a.m., dumped same on scow; came out at 
6:88 a.m., went to Kelly & Lowery saloon, 259 South 
street, where driver entered at B:iO a.m.. came out at 8:4S 
a.m.; driver entered saloon, fil New Chambers street at 8:GS 
a.m., out 8 :58 a.m. ; returned to Hall of Recorda at 9 :05 a.n 
left at 9:40 a.m., went to Clinton street dump at 10:03 a.u 
came out at 10:11 a.m., went into saloon 259 South street 
10:20 a.m.; came out at 10:24 a.m.; went into harness store, 
63 New Chambers street, at 10:28 a.m., out at 10:80 a 
returned to Hall of Records 10:86 a.m., left at 11:00 
and met another driver; they both entered saloon 199 
South street at 11 :19 a.m., out at 11 :24 a.m.. Clinton Street 
dump at 11:28 a.m.; came out at 11:40 a.m., drove to pier 
SS East River, where he stopped and fed horse at 1 1 :46 
a.m.; left at 12:40 p.m., returned to Hall of Records at 
1 p.m.; left at 2:03 p.m., went into saloon, 51 New Chambers 
street, at 2:14 p.m.; came out at 2:17 p.m.; Clinton street 
dump at 2:86 p.m.; eame out at 2:42 p.m.; left cart in 
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front of dump and rushed the csn with driver of cart 
marked 'Dept. of Ferries, No. 12'; left at 8:20 p.m., went 
into saloon 2G9 South street 8:S0 p.m.; out at 8:8S p.m.; 
went into saloon 59 Stanton street at 8:54 p.m., out at 8:59 
p.m.; went into saloon 698 Second avenue at 4:40 p.m. 
with another man, came out at 5:00 p.m. and went to stable 
at S20 East 85th street, arriving at 5:10 p.m." 

These investigations were finally brought to the 
attention of the Department and led the Depart- 
ment to admit that the cost of the removal of 
ashes had been found to be as much as would have 
been the case had they been removed by the De- 
partment of Street Cleaning at the regular rate 
of cost. 

The cost of removal during the year of trial 
was found to have been $1,219.98, or about 
23 6/10 cents per ton of coal. 

This may be compared with the average cost of 
the removal of ashes in similar power plants under 
private management, which would be 14 to 17 
cents per ton of coal. 

The average proportion of the weight of ashes, 
which was ascertained during the year of trial, 
was 18 4/10 per cent, of the fuel, which indicates 
a fair quality of coal. The cost of removal by 
the methods employed was, therefore, about 40 
[107] 
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per cent, in excess of the commercial cost. 

The removal of these ashes, which amounted to 
a total of 949 tons during the year. Involved in 
this building, as in many others, the use of an hy- 
draulic elevator. In the Hall of Records the floor 
of the boiler-room is twenty-five feet below the 
level of the street, and an hydraulic plunger ele- 
vator is provided for the purpose of lifting ashes 
up to the sidewalk and returning the empty cans 
to the boiler room. A record of the operation of 
this ash elevator was made during the year of 
trial, and it was found that it ran a total distance 
of issy^ miles. Its operation formed a part of the 1 
work of the elevator power plant, and its cost 
could thus be reasonably ascertained, the value 
of the steam used for its operation being $41, and 
the share of the total expense of elevator opera- 
tion about $117, or 2Vt cents per ton of coal used 
in the plant. 

In order to ascertain the full cost of the re- 
moval of the ashes, there should also be consid- 
ered the cost of the laborers' time in handling the 
cans and loading the ashes in the wagon. About 
one-half of the time of a laborer in the fire-roora 
[108 1 
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was thus occupied, at an expense for the year of 
the trial of $460. 

These figures thus afforded a total cost of 
$1,797 as the expense of getting rid of the ashes 
from the fire-room, or per ton weight of ashes, 

[ $1.89, or per ton weight of fuel burned, 34 8/10 
cents. 

A minor element of expense in this as in other 
plants is the use of gas in the boiler room, and in 
the rooms containing the pumping and auxiliary 
machinery, as a supplementary supply of tight in 

I case of the failure of the electric service. The 
maintenance of light under every possible contin- 
gency in a generating plant where high-pressure 
steam is employed, is of vital importance. In this 
plant it was found that the consumption of gas 
during the year amounted to 341,200 cubic feet 
at a net cost to the city of $252.30. 

With the foregoing information in hand, it be- 
came possible to determine the total cost of the 
production of steam by the fuel and labor thus 
employed, and to compare the results with the 
purchasable price of an equal supply. 

I The cost of production was as follows, during 

L [io»"\ 




I 
I 



A MUNICIPAL EXPEBIMBMT 

the test period of the year 1918: 

Fuel |l6,29fl.B8 

Labor ID the tire-room 8,641.26 

Removal of ashes 1,210.88 

Gas 2B2.80 

Supplies, repair work, and the repair of the 
boiler and auxlliarj apparatus, by Depart- 
ment records, was 9S2.S6 

Supervuion 1 ,680.69 

Total (28,022.98 

Representing an expense per 1000 pounds of 
water evaporated into steam, of 84 cents. 

In addition, had no boiler plant been originally 
installed there would have been saved the annual 
expense for interest and depreciation upon the 
investment in these boilers, amounting to ap- 
proximately $5,676 ; and the space that they occu- 
pied could have been realized for other purposes, 
at a rental value of $3,684.00, a total of $37.- 
882.98. 

Turning now to the cost of equivalent service 
from the public supply, it would be found that, 
owing to the lessened demand for steam by rea- 
son of the elimination of the auxiliary machinery, 
it would only have been necessary to buy from 
the New York Steam Company a total of 70,- 
ff7S, 879 pounds weight of steam. 
[1101 




This st the price of 13 ocDts per 1000 ponjidi, 

would have cost $29,808.00 

This supply would have brought back to the city 
in the form of payment for the water used 
by the Steam Company, a sum of 1,120.00 

The net expense for this steam, therefore, 

would have been 28,668.00 

To which should be added the cost of saperviaion 
at the same rate as that required in connection 
with the plant, or 1,824.00 

The total coat of this purchased steam supply, 

therefore, would have been 30,512.00 

Against this the cost to the city of its own 
plant's operation with supervision, interest, de- 
preciation, and the rental value or annual ex- 
pense of the space occupied by the boiler plant 
was $37,383.00, representing an annual loss of 
$6,871.00. 

This makes it perfectly evident, therefore, that 
the City's investment in this boiler plant has no 
commercial value, since it effects nothing that 
could not have been equally well done at the 
same, or less cost, by the purchase of the supply 
without the necessity of the investment of the tax- 
payers' capital. Moreover, it may be noted that, 
as later observations will indicate, several other 
available methods of operation in combination 

[ml 



with the public service of electricity, would have 
reduced the amount of steam required to be taken 
from the New York Steam Company to a very 
substantial extent, and it would have been pos- 
sible to purchase no more from that service than 
that required to effect the operation of house heat- 
ing and the warming of hot water. 

This situation disclosed by the accurate figures 
secured during this prolonged test, is a conclu- 
sive demonstration of the undesirability of the 
investment of municipal funds in machinery, the 
purchase of which can be equally effectively per- 
formed by the utilization of the services of pub- 
lic corporations, where these services are avail- 
able. 

There are indirect advantages, of course, which 
increase the desirability of the purchase of such 
services from an enfranchised corporation, inas- 
much as the city thereby gains whatever increased 
amount of taxation or franchise returns accrue 
from the increased business placed with the coi- 
poratio;]. 

By engaging upon the operation of production 
of steam as well as of electric energy the munid- 
[112] 
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pality embarks in competition with its own part- 
ner, the corporation which it has authorized to 
conduct the same hne of business for the general 
convenience of its citizens. A community thus 
discounts its own interest in the utilization of its 
franchise property, to the extent to which it in- 
vests in machinery that reduces the business of 
lie public system. 
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CHAPTER VIII. 

THE HEATING OF THE BUILDINGS. 

rir^ HE interior of the Hall of Records and the 
-^ three exterior buildings is warmed by the 
use of radiators which are supplied with steam 
through piping connected to a common point of 
supply in the Hall of Records. The pipes be- 
tween the several buildings are laid under-ground 
in trenches and consist of a supply-pipe large 
enough to allow of the flow of the exhausted 
steam, and a return-pipe which contains the water 
or condensed steam after it has passed through 
the radiators and is thus conveyed to the Hall 
of Records and pumped back into the boilers. 

The operation of conveying the steam to ra- 
diators situated at a considerable distance from 
the point of supply, involves some pressure in the 
steam, usually from five to ten pounds per square 
inch. This pressure is required to overcome the 
friction developed in the passage of the steam 
through long lengths of piping and around a num- 
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ber of bends and turns, and it is also necessary in 
order to expel from the radiators the air which 
collects inside those appliances during the process 
of condensation of the steam. The air, which is 
always more or less present in steam, finds its way 
into the steam boilers with the feed-water, all 
water being charged with some quantity of air in 
the form of minute bubbles. 

This air has to be forced out from the radiator, 
usually through a little device known as an air- 
valve, which is placed on the end of the radiator 
opposite the point of supply of steam. This oper- 
ates by opening a very small orifice when air is 
collected near the valve, but closes the orifice as 
soon as steam reaches it. Usually the air thus 
expelled is driven into the room in which tlie radia- 
tor is placed, but where exhausted steam is used 
the air is often quite foul-smelling, due to the 
presence of some oil in the steam, so piping is pro- 
vided by which the air is led to some point where 
it may be discharged without causing annoyance. 

It is possible to operate these devices by the use 
of steam at the moderate pressure mentioned 
without any mechanical devices oAiveT \!wa.w '^«. 
[115 1 
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air-valve described, but so soon as an attempt is 
made to operate at less pressures such as are nec^ 
essary when exhausted steam is used, then some 
special apparatus must be provided whereby the 
air may be withdrawn from these radiators by me- 
chanical means, as the steam will not have suffi- 
cient pressure to force it out. When therefore, 
it is desired to utilize exhausted steam from en- 
gines or pumps, this supply must either be main- 
tained at a pressure in excess of five pounds, 
which would be detrimental to the economical 
operation of the engine or pimip, or special ar- 
rangements must be made for the purpose above 
described. The use of exhausted steam therefore, 
for the purpose of such heating work is accom- 
panied by the necessity to provide and operate 
air-pumps or air-ejectors whicl: draw out this foul 
air, and in certain cases also draw away the water 
from the radiators. It will be seen therefore, that 
the operation of these pumps is an additional ex- 
pense involved in the use of exhausted steam and 
reducing its value to that extent. 

The use of exhausted steam from appli 
such as pumps and engines, would be as 
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economical as could be expected if it were possible 
to so proportion the operation of the engines or 
pumps and the amount of steam which they use 
at all times, as to fit in with the requirements for 
a supply of steam for heating purposes, but this 
unfortunately ean never be wholly accomplished. 
Climatic conditions in the first place, vary by 
locality and by all the numerous gradations in 
temperature which are found in different parts of 
the country, and it will be evident that the de- 
mand for heating steam would be in greatest 
volume and extent and for the longest period in 
the northern sections of the country, while there 
would be little or no demand for such purposes 
in the southern states. 

In the latitude of New York the situation is 
about half way between these extremes, and the 
variations in temperature range during the heat- 
ing season from 70 degrees, at which no heat is 
required, down to a rare and limited occur- 
rence of zero temperature. 

The average temperature during the entire 
heating season, which extends over a normal 
period of about two hundred days, is 38 degrees, 
[IIT] 
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and therefore, the average increase in the 
perature inside the building over that prevailing 
outside, is the difference between 38 degrees and 
70 degrees. But this statement is a mere broad 
view of the average conditions, and by no meai 
conveys an impression of the extraordinary varia- 
tions which in this climate occur from hour to* 
hour, between day and night, and from day 
day during the season of cold weather. 

It will readily be seen therefore, that the use of 
the wasted steam exhausted from engines oi 
pumps can only be expected to be proportioned 
to meet some one or other of the numerous com- 
binations which are thus brought about in the de- 
mand for heating steam. Thus the greatei 
requirement for the work of the electrical engines 
in a public or business building occurs in thi 
early evening hours, and yet the coldest part of 
the day is usually the early hours of the morning. 
If elevators are operated the steam given out by 
their pumps is fairly constant throughout the 
hours of the business day, whereas the demand for 
steam may vary from a requirement for the whole 
of such steam, or even more, down to nothing at all. 
[118 1 
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There are some small appliances in connection 
with a power plant which are in quite constant 
operation, such as the feed-pumps and small 
auxiliary apparatus which give out steam often in 
somewhat wasteful proportions, at all times of 
the day and night, while the plant is maintained 
in operation. This limited supply of exhausted 
steam however, can usually be utilized best in 
another service of an economical nature, namely, 
the warming-up of the water which is fed into the 
boilers. It is rarely in sufficient quantity to af- 
ford any surplus available for the purposes of 
house heating. The combination therefore, which 
was chiefly under discussion in connection with 
this test, is that whicli contemplated the utiliza- 
tion of the exhausted steam of the elevator and 
house pumps, and especially that of the electrical 
Egenerating engines. 

As regards the quantity of steam which is re- 
quired in a heating service in the climate of New 
York City, a number of observations prior to this 
test had established the fact that the average 
use during the five thousand hours of the heating 
Iseason was 4/10 of that which would exist upon 
[1191 
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steam of the engines and pumps. But the diffi- 
culty of interrelating the heating apparatus to 
these machines and the extent of their work was 
found to preclude a greater utilization of the 
steam which they afforded than about 34 per 
cent. Out of the production of steam during the 
whole year, only about 35 per cent, of the entire 
quantity produced was utilizable in the form of 
exhausted steam for heating purposes. It had 
been claimed by advocates of the combination of 
exhaust-steam heating with electric generation, 
that at least as much as one half if not more of 
the total steam supplied to the engines could be 
thus utilized. 

The amount of exhausted steam in relation to 
the electrical output will of course, vary with the 
type of steam engine employed. The more eco- 
nomical the engine the less quantity of steam will 
be used for any given amount of work, and there- 
fore, the employment of a wasteful engine will 
give more steam in the form of exhaust. The 
more wasteful is the engine, the more apparent 
gain there is in the form of the use of exhausted 
steam. The process is similar to that of wasting 
[122-i 
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at the bung and saving at the spigot. 

The engines in the Hall of Records building are 
fairly high class, economical engines, of what is 
known as the Corliss type, and used a fairly aver- 
age rate of steam in proportion to their work. 
They consumed about 48M; pounds weight of 
water per hour in the form of steam for each kilo- 
watt of electric energy they generated. On ac- 
count of the fluctuation in the demand for elec- 
tricity it was necessary to operate a smaller en- 
gine of a more wasteful character, which during 
the time of small loads, as at night, operated with 
a fairly constant load and near its capacity. This 
little engine used 75V2 pounds weight of steam 
per k.w. hour, and it was the source of much of 
the exhausted steam that was utilized. 

The general result of this system of operation 
was that the average consumption became 50.9 
pounds weight of steam per kilowatt hour. So 
the steam which was available for the purpose of 
heating was procured not only from the econom- 
ical engines, but from the much more wasteful 
type of engine. 

The small engine used 75.5 lbs. per kilowatt 
[128] 
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hour as compared with 48.5 lbs. used by the 
Corliss engines, or 27 lbs. per k. w. hr. more than 
the latter. It produced 62,665 k. w. hours out of 
712,763 or about 9 per cent, of the total electric- 
ity, using 13 per cent, of the steam. 

The contribution by the wasteful engine to the 
work of heating was not wholly economical. It 
represented steam that had been used in a waste- 
ful way of generating electricity, which thus cre- 
ated additional exhaust steam available for heat- 
ing. This had no more economic eflfect than 
would have been effected by passing that amount 
of steam direct from the boilers to the radiators. 

In considering the proportion which the various 
appliances provided waste or exhaust steam for 
heating purposes the Board of Engineers con- 
cluded that it would be proper to regard the ex- 
haust provided by the house, sewage, and ele- 
vator pumps as being that which was the main 
source of supply, inasmucii as these pumps would 
be continued in operation should the electrical 
plant be dispensed with, and the exhaust derived 
from the electrical engines was regarded as an 
addition to that available from the pumps. 
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It was found that the contribution to the work 
of heating provided by these electric engines was 
32 3/10 per cent, of the total amount of steam 
which was supplied to those engines during the 
two hundred and twenty days of the heating sea- 
son. This result was one of the answers to the 
main subjects involved in the discussion which 
had led to the determination to conduct this test, 
and it very clearly demonstrated the exaggerated 
nature of assertions as to the results to be 
secured by the use of exhausted steam, made by 
those who had not fully studied the subject in all 
its details. Such assertions have sometimes as- 
sumed that the electricity generated in power 
plants in which the exhausted steam was used in 
the work of heating, was produced without any 
cost, but inversely, tliose who are more interested 
in economies of steam heating than in those of 
electric generation, assumed that the heating 
work had been produced under such circum- 
stances for nothing. Both views are, of course, 
fallacious in that neither took into account the 
limited extent to which the combination can be 
iiiade to couicide in production and use. 

1 [iMi 
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Part of the work of heating in which 
use was made of exhausted steam was the heating 
of the warm water required for sanitary purposes. 
This was not a very large amount, requiring dur- 
ing the entire year, only 1,548,050 pounds weight 
of steam, or out of the total exhaust utilized in 
heating work, only about six per cent. 

It may be noted in this connection that the use 
of hot water in these public buildings was ex- 
tended throughout the entire year, and it would 
therefore, have appeared possible to carry on this 
small service entirely by the use of exhausted 
steam. But even this small demand could not be 
fitted in with the supply of exhausted steam avail- 
able at all times, and it was necessary to add from 
time to time seventeen per cent, of its total in the 
form of live steam. 

It was observed that the greatest demand for 
hot water did not occur in the period of coldest 
weather, but in the week ending April 20th, when 
the demand reached 65,785 pounds. The aver- 
age weekly consumption during the year of the 
test was 36,200 pounds, and in the warmest sum- 
mer iveather there was still required as much 
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18,192 pounds in a single week. 

The entire demand for the work of heating 
and hot water involved the use of 32,317,287 
pounds weight of steam, of which 27,-197,764 
pounds was provided in the form of exhausted 
steam, or nearly eighty-five per cent., the differ- 
ence heing provided by steam taken direct from 
the boiler. Of these totals the heating of the Hall 
of Records building involved only 11,136,638 
pounds, or less than thirty-five per cent., and it 
is interesting to note that the work of heating this 
building required only 13 6/10 per cent, of the 
entire quantity of steam raised during the trial. 

The largest demand in the building for a single 
week of severely cold weather was 716,000 pounds 
weight of steam, which could have been provided 
by any one of the five boilers installed in the build- 
ing. The largest requirement for the heating of 
all the four buildings was found to be 283,000 
pounds of steam in one day, which was approx- 
imately equal to 310 boiler horsepower, and was 
well within the capacity of any two of the five 
boilers installed in the building. It is evident 
^therefore, that the larger part of the investment 
[127] 
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involved in this large steam-generating 
both as regards its space and apparatus, was at- 
tributable to the addition of the power-generating 
plant and was not required for heating purposes. 
Moreover, the heating of these buildings, if unac- 
companied by power apparatus, could have been 
effected by low-pressure boilers of a much cheap- 
er kind of construction than those that are in- 
stalled. 

Reference was made in the earlier part of thiS' 
description of the heating of the buildings to the 
additional apparatus involved in operating the 
air-systems of these radiators. The three exte- 

■ rior buildings were provided with apparatus * 

known as the Webster Vacuum System, by which 
a suction is maintained upon the outlet-valves of 
each of the radiators, through which the condensed 
water, and also the air that collects in the radia- 
tors, is drawn. The suction is produced by steam- 
pimips in constant operation, and these pumps 
used during the heating season, 2,451,847 pounds 
weight of steam, which was 13 per cent, additional 
to the steam used in heating these buildings. It 

Lis true that the steam thus used was in part ex- -_ 
[ 128 ] J 
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hausted back into the pipes from which the heat- 
ing steam was drawn, but inasmuch as it thereby 
displaced the use of exhausted steam to some ex- 
tent from the main engines, it reduced the amount 
to be credited to the operation of the electrical 
plant, of which it practically formed a working 
part. 

The circulating system in the Hall of Records 
building was of a different nature. It is that 
known as the Paul system, by which a suction is 
maintained upon each of the air-valves of the ra- 
diators connected through a system of piping to 
steam jets blowing high-pressure steam through 
ejectors, which steam is of course, entirely wasted, 
This apparatus used 275,678 pounds weight of 
steam, or 2'^ per cent, additional to the steam 
used in heating that building. 

These circulating systems are, therefore, to be 
regarded as forming a part of the necessary addi- 
tions to power plants, being accompaniments of 
the use of exhaust-steam heating, which are not 
required if the same results were to he effected 
by a direct steam supply. 

It would be unnecessary to use either of these 
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systems should the power engines and pumps be 
shut down and the use of exhausted steam be 
abandoned. It is, therefore, proper in consider- 
ing any distribution of the costs of operation that 
the expense accompanying these circulation sys- 
tems should be added to that of the operation of 
the generating and pumping apparatus and 
should not be charged to the cost of the work 
heating, the commercial value of which is clearly' 
no more than would be the cost of purchasing the 
steam for equal heating work, or of a direct 
process of raising low-pressure steam sufficient 
to circulate throughout the system, without the 
use of these appliances. 

These considerations and facts brought 
gether the figures of the cost of the work of heai 
ing the buildings and warming the water for sai 
tary purposes, which was found to be as follows! 

Steam, 40.57 per cent of all produced $11,365.69 ' 

Engine-room labor, supplies, repairs 1,576.28 

Cost of space, interest and depreciation 8,795.00 

Total $16,786.82 

The average cost per 1,000 pounds being thus, 
SO 4/10 cents. 
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The determination of the volume of steam re- 
quired for this service made possible a definite 
comparison of the cost of operating the same 
heating systems hy the use of steam purchased 
from the New York Steam Company's service, 
which service would eliminate the pumps and 
steam jets, and would thus reduce the require- 
ments to a quantity which at 42 cents per 1000 
lbs. would have cost only $13,180.00. 



The return to the city paid by the New 
York Steam Company for water would then 
have been $520, leaving the net cost at $12,660.00 

To this should be added supervision at the es- 
tablished rate, amounting to 805.00 

The total cost of the New York Steam Com- 
pany's service would therefore have been 
only 18j466.00 

Or only $520 more than the actual expense of 
the production of the steam used daring the 
year of trial, and clieaper than its total cost 
by 8,271.00 
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According to the point of view of the subject, 
the exhausted steam was either a gift or a large 
by-product of the power plant to the work of 
heating, or inversely, it was an unavoidable ex- 
pense at its full value to the work of heating, and 
[131] 
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the other services became partly by-products o£l 
its use in that work. 

If the exhaust steam had not been utilized andf 
debited to the cost of steam heating and therebyl 
credited to the cost of each of the other five serv- 1 
ices, the effect would have been to charge back 
to the machinery $10,025 as the cost of the ex- 
hausted steam, which was provided out of the ma-^ 
chinery in the following proportions : H 

Per Cent Cost Adding to 

Service Steam, lbs. of Total Divided Their Cost 

To the electric .74 of a cent 

engines 11.118,656 88 $5,800 per k.w.hr. 

To the elevator 15 cents per 

pumps 5,207,772 2i 2,400 car mile 

To the house 50 cents per, ■ 

pump 8,187,552 15 1,500 1000 cu. ft H 

To the refrig- ^ 

e r a t i n g 16 per cent 

pumps 890,806 iA 440 on the cost 

To the sewage 30 per cent 

pumps 785,024 S.6 360 on the cost ^H 

This shows the limit of the value of the utiliza-^H 
tion of exhausted steam, even upon such veryH 
tmusually advantageous circumstances as theS 
increased heating surface of three buildings be- 
ing added to the original opportunity for use of 
such steam. 
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On the other hand, if the view should prevail 
that the exhaust is a gift to the heating system, 
then it reduced the cost of that service by $10,025. 
out of $16,736, or 60 per cent. But either view is 
incorrect. The fact is that the exhausted steam 
had no more value than the price at which it could 
have been bought, which was less than $8,800, and 
it formed a part of a combination, each element 
in which is relatively expensive, and which could 
be reduced in expense as a whole by a change to 
other methods. Under such a rearrangement it 
might even pay to purchase or produce steam for 
heating at a relatively high cost, provided that 
economies could be elfected in other directions re- 
sulting in a total less than that which was found 
to prevail. 
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THE COST OF ELECTBIC ENEHGT. 

T N the subject of the electrical energy gen- 
■*- erated and used we reach that part of the 
trial which was of most particular interest. The 
electrical service was that on which centered the 
discussions that led to the establishment of the 
test, and the determination of the real character 
and the true cost of this particular part of the 
work of the plant was perhaps the most impor- 
tant feature of the observations. 

The use that was made of electric energj' pro^ 
duced by the plant was noted hour by hour on 
recording instruments, which determined the 
exact amount utilized in the requirements of the 
several buildings. An independent record was 
maintained of the amount of energy used in op- 
erating ventilating appliances for cooling the en- 
gine and boiler-room space, also for the lighting 
of the spaces occupied by the machinery, and the 
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energy involved in the operation of the storage 
battery. 

As an illustration of the self-imposed bur- 
dens of an isolated plant, it was found to be con- 
suming 14 per cent, of all the energy which it cre- 
ated for the purpose of lighting and ventilating 
the space in which the work was carried on. 

Most of this energy formed no useful part of 
the work accomplished by the machinery, inas- 
much as the larger part would not have been re- 
quired if the plant had not been in operation. The 
quantity of electricity generated during the year 
of the trial amounted to 712,763 kilowatt hours, 
of which amount 136,310 kilowatt hours repre- 
sented energy diverted to the purposes of service 
of the plant. A subdivision of this amount 
showed that the mere lighting of the spaces occu- 
pied by the machinery absorbed 39,777 kilowatt 
hours, or 5% per cent., and the ventilating fans 
84,266 kilowatt hours, or nearly 12 per cent., 
while the losses due to the operation of the stor- 
age battery amounted to 12,267 kilowatt hours. 
The net amount of energy which was distributed 
!0r the service of the buildings in the form of light 
[185] 
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and electrical power, was only 576,453 kilowat^ 
hours, or about 80 per cent, of the total that wa«8 
created. I 

It must be recalled here that the original pur-* 
poses of this plant for which it was planned andV 
proportioned, was the service of the Hall of Reo-fl 
ords building alone, and this was found to he bu^ 
seven-tenths of the entire energy created during 
the trial. If the plant had been thus limited in 
its service, the proportion which the mamtenance 
of light and ventilation in the sub-basement would 
have borne to the total would have been nearly 
thirt^ per cent. The information thus secured 
was verv illustrati\'e of the burdens wliieh are sup- 
ported in the operation of power plants for such 
restricted purposes as the service of a single 
building. It also demonstrated the usefully-em- 
ployed amount of electricity which would have 
been required to be purchased for equivalent 
service, if the supply had been derived from i 
public system. 

A study of the circumstances resulted in the ' 
determination of these net requirements for the 
Hall of Records and the other buildings, which iti 
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I was found would be covered by about 84 per cent, 
of the total which had been generated, or approxi- 
mately 593,763 kilowatt hours. This amount 
made a fair allowance for necessary lights in and 
around other parts of the machinery spaces than 
that in which the electric engines were situated, 
and also provided for part of the energy being 
used in ventilating the boiler-room space should 
the boilers be continued in operation. By this 
means definite information became available upon 
a part of the original question at issue, namely: 
what was the actual value of the energy generated 
per kilowatt hour, on wliich basis the electricity 
would be purchasable from the public service. 

It will be readily seen that if the entire amount 
which had been created should be divided into the 
entire total cost, the result would be a low price 
per kilowatt hour, or as it is technically described, 
"per unit," whereas, if the net amount which 
would be required to be purchased be regarded as 
the useful product of the plant, and that amount 
be divided into the total cost, it would show that 
the cost was a higher price per unit. Such a 
higher figure is, of course, favorable to the alter- 
[187 1 
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native system of the purchase of the electrical sup- 
ply. In many cases it will be found that those 
who are operating such power plants are basing 
their ideas of the apparent low cost at which the 
energj- is produced, by assuming that all of the 
product is of a necessary character, and is use- 
fully utilized, which cannot in any case be the 
true situation. 

There is in addition to tliese considerations, an- 
other feature of considerable importance in the 
case of a municipal plant producing electric 
energy in competition with the supply of a public 
company which is paying taxes to the city. In 
such a case the municipal operation is competing 
with the output of its partner and reducing the 
total business performed under a franchise, there- 
by reducing the tax-paying capacity of the public 
service corporation. 

The payments of taxes over a period of years 
by the New York Edison Company to the City 
of New York were investigated and it was found 
that the taxes paid bore a proportion to the 
amount of energy sold by that company some- 
times as high as 3/10 of a cent per kilowatt hour. 
[188] 
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The Committee of Engineers agreed that the re- 
lation which existed between the output and the 
taxation paid was not less than 2/10 of a cent for 
each kilowatt hour of energy that had been sold, 
and this figure was adopted by the Board of Kn- 
gineers as representing the minimum return that 
would have been made by the New York Sdison 
Company to the City, in respect of the purchase 
from that Company of the energy required for 
these buildings if the plant had not been in opera- 
tion. It could most easily be understood and 
could most properly be regarded as a credit to 
the purchase, which is equivalent to a reduction of 
the price of purchased energy. Upon the amount 
which was found to be required it represented an 
annual return or reduction in cost to the city 
amounting to $1,187, or a reduction of the price 
per kilowatt hour to 1.92 cent. 

At the time the trial was undertaken, the con- 
tract then in operation in regard to the gi'oup of 
City buildings was based upon the lowest prevail- 
ing price for energy, or three cents per kilowatt 
hour. In order to reach the quantity which justi- 
fied this price under the contract, an agreement 
[189] _ 
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had been made to include in the bills for these 
City buildings the quantity of electricity used in 
lighting the Brooklyn Bridge and its approaches. 

When the trial was undertaken and the City 
buildings were supplied from the Hall of Rec- 
ords power plant, it left the service of the Brook- 
lyn Bridge as the oidy one of the group supplied 
by the public service, and this necessarily involved 
a higher rate being paid during the year of the 
trial for that service, which was found to have 
amounted during the year of trial to $279.34. 
This, of course, added to the real cost to the mu- 
nicipality of the operation of the plant. 

During the period of the trial the methods un- 
der which the electric energy was used were care- 
fully observed. It was noted that the prevailing 
habits of city employees were continued, resulting 
in the operation of electric lights during the day- 
time in places where they might, with due regard 
to economy, have been discontinued, but while 
some directions were issued, which had the effect 
of some greater degree of care in this matter, the 
prevailing use of energy may be regarded as 
practically the normal situation in municipal 
[1401 
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buildings, which would probably have continued 
had the energy been purchased or produced in 
any other manner. 

The determination of tlie cost of the production 
of electricity during the test involved very con- 
siderable care, and comprised a large proportion 
of the attention and expense involved in the trial. 
The plant itself has already been described, as 
well as the space in which it was installed. The 
methods under which it was operated were those 
which had been maintained up to that time, very 
careful attention being devoted to the most eco- 
nomical operation of each of the engines, using 
the larger engines when a sufficient load existed, 
and smaller engines at times when the load was 
decreased. 

In order to effect as extensive a use of the 
wasted steam as possible, which woidd then be- 
come a credit to the cost of the operation of the 
engines and would be charged to the cost of the 
heating of the buildings, the operation of the 
smaller engines was continued during the night 
time, and as all the other machinery was discon- 
tinued at that time, the result was considerably 
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to the advantage of the economy of the electrical 
generating plant. The storage battery was oper- 
ated for periods which would apparently con- 
tribute to this general result, and was also found 
useful during short periods of repair required in 
the engine plant. The battery, however, proved 
to be of little economical value, as it involved a 
wastage of 12,267 kilowatt hours, and its useful 
effect was, therefore, only 50 7/10 per cent, of 
the energy which it absorbed. 

The methods applied to the observation of 
these engines and generators were unusually com- 
plete and careful. A recording meter of the St. 
John type was connected in the steam supply of 
each individual engine, and marked on a paper 
tape the rate of flow at all times. A record was 
also maintained showing the period of time during 
which each engine was in use and the amount of 
steam absorbed in proportion to the electrical 
output of each engine was thus carefully ascer- 
tained. It was found that the steam used by the 
combined plant, for the entire year, was at the 
rate of 50 9/10 poimds weight of steam for each 
kilowatt hour generated, which represented the 
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consumption of 6.45 pounds of coal, but to this, 
of course, had to be added that proportion of 
steam condensed in the pipes leading to the en- 
gines, and also the steam that was used by the 
auxiliary appliances required in the operation of 
raising steam for the engines. These items added 
nearly 20 per cent, to the fuel which was con- 
sumed, making the total 7.78 pounds of coal per 
■ hour, per kilowatt produced, or over 10 pounds 
per electrical horsepower. 
The total expense of this service was deter- 
mined by giving credit to these engines for the 
full expense of so much of the steam which they 
used, as was found to be utilized in the work of 

I heating the buildings. This amount was ascer- 
tained by considering the contribution of the ele- 
vator engines and other lesser appliances, as hav- 
ing formed the first contribution to the heating 
work, the remainder being that credited to the 
electric engines, and forming the portion which 
would have to be supplied by high-pressure or 
"live" steam if the engines should be discontinued 
and the electric supply purchased from the public 
service. 
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The engines were found to have actually re- 
ceived during the year a total weight of 36,273,- 
352 pounds of steam, which was 44.43 per cent, 
of all the steam that was generated. 

The proportionate share of the steam con- 
densed in the pipes and the auxiliary pumps and 
appliances, was found to be 7,620,855 pounds 
weight of steam, so that the engines really ab- 
sorbed 43,896,207 pounds weight of steam, or 
over 50 per cent, of all the steam raised. Of this 
amount the wasted steam from the engines which 
was used in the work of heating, was about 26 
per cent. Even this result, restricted as it is, was 
only brought about by the abnormal addition to 
the requirements for steam in the heating season 
of the three exterior buildings, which had added 
to the actual work of the Hall of Records build- 
ing, for which the plant was originall}' designed, 
about 175 per cent. 

It is doubtful if even this moderate result would 
have been secured had it not been for the practice 
maintained in these buildings of continuing the 
supply of heating steam during the night hours. 
This afforded the opportunity of using the small 
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electric engine during the entire night hours, and 
exhausting its wasted steam into the house-heat- 
ing system, but in commercial practice it has been 
found that the heating of such buildings is more 
economically effected by discontinuing the supply 
of steam during the night hours, allowing the 
buildings to cool down, and then restoring the 
heat by a new supply of steam in the early hours 
of the morning. 

Under such methods many buildings are now 
being heated by the use of steam during only 
8,000 hours out of the total 5,000 hours of the 
heating season, but where it appears to those en- 
gaged in operating such plants, to be an advan- 
tage to the apparent economy of the production 
of electricity to create a means for the use of 
wasted or exhausted steam, as in this case, the 
process of night heating is carried on, although 
its value from the point of view of economy in 
the cost of heating is very dubious. In other 
words, by creating the wastefid condition of one 
service, an apparent economy may be effected in 
another service, and a fictitious appearance of re- 
duced cost may be created by the process, which 
[U5"i 
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is similar to that of filling a vacancy in one pocket 
with coin extracted from another. 

Since one of the particular objects of the trial 
was to determine the effect upon the cost of oper- 
ation of the cessation of the use of these engines 
from the combined service of the plant, leaving 
the remaining apparatus in operation and con- 
tributing as far as they were foimd to have been 
adding to the service of heating, the results of the 
apportionment of the steam contributed by the 
engines to the work of heating, are not in any 
respect unfair or detrimental to the real expense 
of the maintenance of this electrical plant. 

The other expenses which were involved by the 
operation of this plant consisted of labor, supplies 
and repair. The two latter were readily deter- 
mined from the Departmental accounts. The 
labor employed about this part of the plant in- 
cluded the chief engineer, three watch-engineers 
and three oilers. The question of how much of 
this force "would be necessarily retained if the op- 
eration of this part of the plant were discontinued, 
was one which presented some difficulty of de- 
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It was generally agreed that a substantial part 
of the expense of this force was directly involved 
ill the operation of the electric machines, but some 
difference of opinion arose as to the question of 
dispensing with the services of some of the four 
engineers. The Department representatives in- 
sisted that it would be necessary under any cir- 
cumstances to maintain a licensed engineer on 
the plant on each eight hours of service, whether 
tlie electrical engines or any machines were in op- 
eration or not. It was, however, generally con- 
ceded that the three men employed as oilers, 
whose time was practically wholly employed by 
the engines, could be dispensed with if the en- 
gines were not in operation, which woidd effect a 
reduction of $3,295 a year. It also seemed prob- 
able that a less rate of wages could be paid to a 
chief engineer, in charge of a reduced extent of 
machinery, which would have had the effect of re- 
ducing the labor bill by a further sum of about 
$365, or a total of $3,660. 

The final enquiries which were brought out by 
careful investigation in regard to the operation 
of this plant related to the fixed charges which 
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the city was involved in by reason of the purchase 
of this inat'liinery. It was found that the cost 
of the plant Imd exceeded $60,000, and that the 
present value of the plant was represented by a 
Bum of $50,655. A rate of depreciation was also 
carefully determined, and found to average BYs 
per cent, per annum. 

These facts and figures thus afforded a view 
of the two sets of circumstances relating to the 
operation of this plant: 

( 1 ) The total cost in which the city had become 
involved by its investment in this machinery, 
as represented by the amount of energy pro- 
<!ueed that would have to he purchased from 
an outside system of supply. 

(2) The aist at which the energy was now pro- 
duced, assuming that the fixed charges upon 
the investment were a continuing expense in 
the event that the machinery should be shut 
ilown and its fiu'ther use discontinued. 

These results are shown in the followin-g state- 
ments: , 

Operating expenses according to the JJepart- 
ment view of the labor cost : 
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a Production coat of tlie steam used after deduct- 
ing the exhaust used in houae-heating $11,15* 

b Supplies and repairs, as charged in the 

accounts 780 

I a £ngine-room labor, charging only the three 

oilers 8,285 

Snpervision on items b and c @ fl.88% 261 

$15,486 

I Without any fixed charges, this results in cost of 
the production of energy of 2.17 cents per 
kilowatt hour, ss compared with a purchas- 
able price of 1. 927 cent. 

But this figure by no means represented the 
full cost to the city of electric energy produced 
in its plant. 

The total expense to the city included: 

Interest on the investment $1,778 

Depreciation 2,830 

Rental value of space occupied by the engines .... 2,686 
Share of the fised charges and space of the boiler 

plant 8,722 

The operating expense according to the Depart- 
ment's view as above stated 15,486 

Extra expense on Brooklyn Bridge service 279 

$26,726 

I Making the cost per kilowatt hour as produced, 3% cents 
per kilowatt hour. 

If the electric plant were charged as it should 
be with its fair share of the whole expense of en- 
gine-room labor, then the total cost would be- 
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come $29,260, and the cost of the energy as pro- 
duced, 4^/4 cents per kilowatt hour, and of the net 
utilized quantity, 5 cents. 

The division of the cost of electric production 
is as follows: 

Per Cent of Sbare of 

Electricity Cost 

Hall of Records 42.48 $12,480 

City Court BuUding 4.48 1,296 

County Court House 18.13 5,802 

City Hall 10.10 2,965 

General Power 4.84 1,270 

Cellar Lights and Fans 17.10 6,008 

Storage Battery Operation 8,48 1,004 

Sewage Compressor (partial) 

$29,260 

The price at which electric energy could have 
been purchased from the pubHc service system 
under the rates prevailing prior to the year of 
the trial, was 8 cents per kilowatt hour, This was 
later modified by a new and reduced scale of rates, 
which came into operation during the year 1914. 
This provided that over and above a certain quan- 
tity of electricity the energ\- supplied would he 
charged at the rate of only 2 cents per kilowatt 
hour; therefore, at the end of the trial it became 
apparent that any quantity of energy which 
would have to be purchased if the electrical gen- 
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crating plant were to be abandoned, coidd be se- 
cured at the price of 2 cents. To this should prop- 
erly be added the charge for supervision at the 
rate of 6.38 per cent., making the cost 2.127 cents. 
But upon this rate the return of taxes to the city 
was found to be at the rate of 2/10 of a cent per 
kilowatt hour, thus reducing the cost to the city 
to 1.927 cent per kilowatt hour. 

Stating the figures in totals, the cost of pur- 
chasing the required supply of 594,000 kilowatt 
hours, would be : 



,«jr. .... *1 1,878 
. ,,. . 745 



For energy at 2c . . . Jt . ,'Hki/- U ■')U' 
Add supervision , . . . .;.i'^i. . ,i ., 

Total $12,620 

Credit return by taxes 1,187 

Cost of New York Edison Company's service, . . . $1 IjlSS 
This is to be compared with the Department's fig- 
ures of operating expenses only 15,466 

the total expense, including fixed charges. 

•M 26.726 

And the real total cost, including a proportionate 

share of the engine-room labor, of 29,2flO 

|»j These statements very clearly demonstrate: 
PL, First. That the cost in which the city was in- 
volved in establishing and operating this plant 
[1611 
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was not a source of economy, but rather of con- 
tinuing toss. 

Second. (That, after the mistake had been 
made and the investment had been sunk in the ap- 
paratus, it would nevertheless have been profit- 
able to the city to cease the use of the apparatus, 
and to purchase the necessary supply of energy 
from the public service. 

The extent of the annual loss to which the city 
was exposed during the period of the test was at 
least $15,000 according to Department figures, 
and nearer $18,000 a year, if all expenses are 
properly considered. This could have been saved 
had the plant never been installed. This result 
very plainly demonstrated the fallacy of the pol- 
icy of installing such expensive plants in city- 
owned buildings, in view of the continuous de- 
crease in the cost of purchasable energy, and the 
continuous increase in the expenses of operating 
such a plant, and particularly in the cost of labor 
attendant thereon. 

The conclusion is enforced by the developments 
in additional expense since the period of the trial. 
The price of fuel has risen from the average ( 
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$2.90 to a figure in excess of $5 per ton. The cost 
of the electricity generated has been increased by 
this item $4,400, while the price of purchasable 
electricity has remained stationary. The operat- 
ing expense of the production of electricity would 
thereby be increased nearly thirty per cent. 
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CHAP.TER X. 

THE COST OF ELEVATOR SEEVICE. 

rr^ HE five passenger elevators in the 

-*■ Records were installed at a time when a ! 
change was developing in the methods of opera- 
tion of such appliances, and when the tendency of 
improvement was all in the direction of the use 
of electricity, rather than water pressure, as 
a means of more effective service. The develop- 
ments that have taken place since that time have i 
demonstrated that the electrical elevator in its ] 
modern form has overcome difficulties which had | 
been experienced iji the early period of develop- 
ment, and has become not only more economical, 
but much more effective in carrying any given ] 
amount of traffic. This is due to the fact that the I 
electric motor has the capability of developing I 
power in proportion to the resistance with which I 
it has to contend, and when applied to the move- 
ment of a car containing variable loads of passen- 
gers, it will operate at practically the same speed 
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when the car is fiill as it will when the car is only 
partially fiUed. In partiailar, its capabilities in 
this direction are of great advantage in the saving 
of time which it effects in starting the car from a 
standstill and bringing it up to its proper speed. 

The hydraulic elevator is provided with a suf- 
ficient power for this purpose, but it is not capable 
of any increase to meet an excess load, and more- 
over, the movement of the water through pipes, 
passages, valves and cylinders at high speed, sets 
up a degree of friction which retards the move- 
ment of the car and renders the whole combina- 
tion relatively sluggish. This is most noticeable 
in the case of what is known as the plunger ele- 
vator, a form that became very popular at one 
time on account of its apparent security in the 
form of the plunger or steel rod under the car, 
extending down into a long cylinder let into a hole 
in the ground. 

■The ordinary observer not unnaturally assumes 
that this rod is of solid steel, and is capable of 
sustaining the car if anything should occur which 
might cause it to lose its support in the shaft. As 
a matter of fact, the rod is quite flexible, being 
[155 1 
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composed of piping screwed together in short 
lengths. It is closed at the bottom end and actu- 
ally floats in the water inside the cylinder, and the 
elevator is mainly supported by the ropes at- 
tached to the top of the frame, which are con- 
nected to an enormous counterweight, nearly 
heavy enough to raise the plunger and car when 
empty. The pressure of water when applied to 
the bottom end of the plunger is just sufficient to 
balance the rest of the weight of the empty car, 
and the load of the passengers inside the car. In 
this condition the weight pulls the car and passen- 
gers upwards, but the great weight of the ropes 
and the phmger, together with the water follow- 
ing the plunger, constitute a mass of material, 
which has to be set in motion and then speeded 
up to the full rate of motion of the elevator and 
then retarded by gravity to a state of rest, mak- 
ing a very cumbersome and sluggish combination. 

As a result, elevators of this type will not give 
as much service in the handling of traffic as wQl 
an electrical elevator of similar proportions. 

The work of any elevator mainly consists id 
topping and starting, and the electric machine 
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has superior capacity in tWs regard over any hy- 
draulic apparatus. 

The successive improvements which have been 
made in electrical macliinery have also substan- 
tially reduced the anioimt of electric energy re- 
quired to operate elevators, and such machines as 
those in the Hall of Records, which stop at every 
floor, could be depended upon at this time to oper- 
ate, with a fair amount of traffic, upon a consump- 
tion of electricity of approximately 4Vi2 kilowatt 
hours for every mile of travel by the ear. 

This situation had been so far recognized by 
the city authorities that when changes were made 
in the building of the County Court, the hydraulic 
elevators in that building were removed and two 
electric elevators were substituted. It happened 
that these were planned to be supplied by electric 
energy derived from the system of the New York 
Edison Company, which for such work is at a 
pressure or tension of 240 volts, and thus it was 
found that when the test was contemplated, that 
they were not suited to be supplied by the energy 
generated in the Hall of Records' plant, the pres- 

ure of which was only 125 volts. 
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This is a situation which frequently occurs in 
connection with such mixed installations of power 
and lighting apparatus, and in several city-owned 
buildings has brought about very confusing con- 
ditions, whereby part of the plant and the light- 
ing may be provided by generating machines and 
engines, while the remainder is necessarily oper- 
ated by purchased energ>'. 

During the trial, therefore, the two elevators 
in this County Court building were operated by 
electricity purchased from tlie Xew York Edison 
service, and it was foimd that they had used dur- 
ing the year of the trial, about 45,000 kilowatt 
hours, which would have added about 6 per cent^ 
to the total output of the plant if it had beeffj 
served thereby. 

In designing the equipment of the Hall of Rec- 
ords, it would have been much better from the 
point of view of an economical operation, if elec- 
trical elevators had at that time been installed, 
which, with some modernized improvements, 
might have well been served by the generating 
plant, and would have eliminated from the plant 
the rather inefficient apparatus necessary for 
1 15ft A 



I 



I 




THE COST OF ELEVATOE SEEVICE 

pumping water for the hydraulic machines. On 
the other hand, the two elevators in the City Court 
building were also of hydraulic pattern, and it 
was found that these could be operated from the 
Hall of Records, and pipes were connected for 
that purpose, so that the plant in the building 
during the period of trial, operated the five pas- 
senger cars in the Hall of Records, the two cars 
in the City Court, and the ash-hoist in the boiler- 
room. Four hydraulic book-lifts had been pro- 
vided, one in each corner of the building, the in- 
tention of which was to operate dumb-waiters to 
carry documents from floor to floor. These were 
found to be so entirely unpractical that they have 
never been used during the entire period of their 
installation. 

The pumps which supply such hydraulic in- 
stallations are usually of the form which is known 
as a direct-acting, reciprocating pump, and they 
are usually of what is known as the "duplex pat- 
tern." This form of pump is very simple and 
inexpensive in first cost, but under customary 
conditions as the pump becomes worn, the ten- 
dency increases towards wasteful conditions by 
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reason of the shortening of the movement 
of the pistons and water-plungers, under which 
condition ihe piston in the cyhnder does not quite 
complete its stroke, and steam is required to fill 
this space at every reversal of its movement. 

Furthermore, when this kind of pump is util- 
ized in connection with a house-heating system, 
any rise in the pressure in the heating system will 
operate in this same direction and will further 
tend to decrease the movement of the piston and 
increase the wasteful operation. It thus becomes 
very important with this kind of pump, to reduce 
the pressure required for heating buildings with 
exhausted steam, and as in the case of the electric 
engines, apparatus is necessary to facilitate the 
circulation of the steam in the radiators and the 
piping, and prevent the pressure rising above a 
maximum of about a pound per square inch. 

When these pumps are used in irregular eleva- 
tor service, they suffer from another difficulty 
arising from very frequent .stopping and slow 
movement, during which circumstances steam 
continues to be condensed in their pipes, passages 
and cylinders, and the total consumption related 
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) the work which is done, becomes unfavorably 
I expensive. Thus under favorable circumstances, 
it has been found that the combination of such 
punips with hydraulic elevators of standard form 
would require approximatelv 550 pounds weight 
of steam for every mile traveled bj' the cars of the 
elevators, but in the case of the Hall of Records, 
as probably in many others, it was not surprising 
that the trial demonstrated a considerably larger 
ruse of steam, which during the year was found to 
average 796 pounds per mile of car travel, an ad- 
dition of approximately 50 per cent. 

There were times when for a period of a week 
this figure was further increased to a maximum of 
960 pounds of steam per car mile. Such results 
are not unknown to those familiar with the oper- 
ation of elevators, but it had not been practicable 
prior to this trial to determine the further ex- 
penses attached to such pumping plants by the 
cost of operating the auxiliary appliances which 
provided the means of the steam supply, and also 
the loss of steam in condensation in the piping 
leading to the engines. 

During the trial this interesting point was very 
[1611 
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definitely determined, and it was found that these 
additional demands added 25 per cent, to the aver- 
age amount of steam consumed, and brought the 
total for the year to an average of 1,004 pounds 
weight of steam for each mile of car movement. 
Such a fact very simply and readily determined 
the inefficiency of the apparatus from a monetary 
point of view, because it was evident that the mere 
cost of the fuel required to raise the steam 
amounted to 19 cents. 

The test observations determined the quantity 
of this steam which had been reused in the heat- 
ing of the buildings, and which could, therefore, 
be deducted from the cost of the operation of the 
elevators, and charged against the cost of house 
heating. This was 6.19 cents, which left the net 
cost for fuel only of a car mile of travel, at 12.88 
cents. Inasmuch as an electrical elevator would 
have operated the same service at W2 kUowatt 
hours per car mile, and this could have been pur- 
chased at the time when the trial was started, at a 
cost of 8 cents (and later for 2 cents), it will be 
seen that the price of coal alone was practically 
the same as the cost of purchased electricity, with- 
11621 
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out regard to the labor and upkeep involved in 
the operation of the plant, and of tlie generating 
of the steam by which it was operated. 

The elevators in the two buildings were found 
to have traveled during the year of trial a dis- 
tance equivalent to the movement of one car over 
16,424 miles. Such a figure may seem surprising 
to those who do not realize the immense distances 
covered by the movement of elevators, which in 
the City of New York vastly exceed the entire 
travel of railways and surface cars within the 
area of the Greater City. 

I The trial brought out the actual operating costs 
of this part of the plant in very definite form, the 
details of which are shown in the table on page 
81. The actual cost of operation, inclusive of 
steam, supplies and repairs, and that portion of 
the engine-room labor charged in the depart- 

imental accounts to this service, aggregated 
$4,999.22, to whicli must be added the share of 
other labor and supervision, bringing the oper- 
ating expense, without anj' fixed charges, to 
$6,859.32, or over 41 cents for each mile of car 

_ttaveL 
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The fixed charges upon the installation of t!ie I 
pumping machinery, tanks and piping, amounted 
to a further sum in excess of $3,379, so that the 
total cost of the operation of the elevator plant 
thus involved an expenditure of $10,238, or 62 
cents for every mile of car travel. 

The operation of these elevators by the eleo- 
trical method could have been effected by elec- 
tricity generated by the plant, by utilizing the 
storage battery to neutralize the effects of the 
sharp demands for energy. At the total expense 
of 4J4 cents per kilowatt hour, the energy re- 
quired for the elevator operation would have cost 
$3,140. 

There would have been no need for steam, nor 
for any pump and other appliances, so there 
would have been no current or fixed expenses, nor 
labor on those items. Supplies and repairs, mth 
labor thereon being estimated at $1,500, the total 
expense would have been $4,640, or about 28 cents 
per car mile, or less than one-half the cost of hy- 
draulic operation. If operated by energy pur- 
chased from the public system a still more eco- 
nomical result could have been secured, the ex- 
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Ipense for current being reduced to $1,400, and 

I the total operating expense to $2,900, or 18 cents 
I per car mile. 

The installation of the hydraulic form of ele- 
vator was thus clearly a mistake of judgment at 
the time of the construction of the building, but 
it did not constitute the same kind of error as the 
installation of the electrical generating plant, be- 
cause the elevators were a necessity to the build- 
ing, and the only question that required careful 
prevision was the method of their operation. If 

1 careful foresight had been devoted to this part of 
the subject, it would have been considered that 
with the dechning prices of electrical energy pro- 
vided by a public service, or even with the instal- 

L lation in the building of an electrical generating 
plant, the probable future economies of the ele- 
vator service lay in the direction of electrical op- 
eration. 

The mistake, however, having been made, the 
question that arises, in view of the investment 
havine already been made in the hydraulic form 
of machine, is whether a sufficient advantage can 

I be gained by the investment of a further sum of 
[165^ 
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money in the reconstruction of these elevators in 
electrical form. In such case, whatever economy 
may be effected in the cost of operation, must be 
discounted by the fixed charges that would re- 
sult from the expenditure of further capital upon 
the new apparatus. 

In order to decide this interesting point, a spe- 
cial study and test was made to establish the maxi- 
mum demand for power which the elevator serv- 
ice created, and this test decided that the largest 
demand for the seven elevators operated was not 
in excess of 192 horsepower in the form of water 
under pressure. 

An estimate was then made by the manufactur- 
ers of the elevators of the cost of remodeling the 
whole of the elevators into the electrical form, and 
it was found that this would involve an expense 
of about $48,000. Making due allowance for the 
fixed charges of interest and depreciation upon 
such a new investment, it is found that the ele- 
vators in this form could be operated at a total 
cost of $7,800, a saving of about $2,450 a year. 

Such a change would, moreover, effect other 
indirect economies. Besides a direct saving over 
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the cost of the existing system, the removal of the 
pumps, and the reduction of the use for steam 
would eliminate llit; last requirements for main- 
taininfi the most expensive part of the labor force 
employed by the plant, if at the same time the 
electrie generating engines should also be dis- 
pensed with. I'rom every point of view, there- 
fore, the result of these observations indicated 
that the operation of the hydraulic elevators in 
these municipal buildings was relatively expen- 
sive, and although any change for the better is 
hampered by the necessity for the expenditure of 
a large sum of money upon a new form of appara- 
tus, it would be productive of eennomy. 




CHAPTER XI. 



WATER SERVICES. 

TD USINESS buildings of the character of the 
'^ Hall of Records require a number of minor 
services involving the use of machinery in con- 
nection with water. As has been explained, the 
deficiency of pressure in the public water supply 
necessitates the pumping of water up to the tanks 
located in the roof of any buildings, the height of 
which exceeds a few stories above the street. 

In addition to this, part of the water so pumped 
has to be heated and circulated for use in the lava- 
tories, and for cleaning purposes. It is necessary 
also, in the case of buildings provided with deep 
cellars, to pump out waste-water, and to lift sew- 
age from any fixtures that may be situated below 
the level of the public sewers. 

In the Hall of Records a part of the water 
which was pumped was also filtered, cooled and 
circulated in separate piping for drinking pur- 
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iposes involving the use of refrigerating niachin- 

f ^^y- 

The pumping of water from city mains, which 
so long has been necessary in the City of New 
York, appears a strange accompaniment of con- 
ditions of sanitation in a great modern city, which 
has spent more than three hundred millions of 
dollars upon its water systems, only to provide 
it in so ineffective a form that it fails to reach the 
upper floors of buildings of moderate heights. 
The deficiencies in this respect are due to two 
, causes : first, the inadequate height of the reser- 
l voir system supplying the down-town portion of 
Manhattan, and secondly, the inadequate size, 
and the complexity of the system of underground 
water piping. 

These deficiencies were, of coarse, aggravated 
in their eflrect by the continually increasing de- 
mands upon the supply, largely due to the use of 
water for commercial purposes, and particularly 
[ for use in such power plants as that in the Hall 
[ of Records. The situation has only been modified 
f by the new supply derived from the Catskill sys- 
[ tern in regard to one feature, namely: the height 
[169] 
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at which the reservoir is situated. 

iThe same system of underground piping re- 
mains in use, much of it being of inadequate size 
so that the increasing demands for water reduce 
the pressure to a large extent and nullify the ad- 
vantage provided by the additional height of the 
new storage reservoirs, 

One of the fundamental elements in the provi- 
iiioii of municipal water service seems to have 
been largely ignored in the operation of the water 
service of New York, and the facts disclosed in 
the trial threw considerable light upon the sub- 
ject. A municipal water supply is provided at 
the expense of the community, as a necessary 
public service, or a general obligation for sani- 
tary and fire protection purposes. Its use in com- 
mercial processes is for profit-making purposes, 
and the diversion of the public supply to such op- 
erations as the generating of power in private 
buildings, or even in municipal buildings, clearly 
goes beyond the general intention of the uivest- 
ment of public funds in a public necessity. 

The regulations of the Water Department ever 
since they were formulated, prohibit the use of 

[no A 
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^the water in the mains as a means of motive 
power. Water must not be taken from the city 
mains and used to set in operation an elevator or 
ft water-wheel, or any other machine which may 
be directly operated by water pressure, but the 
practice has been allowed to grow up of using the 
same water in vastly greater amount to be evap- 
orated in a steam boiler, utilized to drive machin- 
ery, and then discharged to the atmosphere, or 
condensed and run into the sewers. 

The small utilization of power for any domestic 
purpose is therefore barred, but any person may 
take the same quantitv of water or much more, 
turn it into steam, and use it for the production of 
a larger amount of power, without any restric- 
tion, and for no greater rate of payment than that 
which is paid for water which is absolutely neces- 
sary for sanitary purposes. 

The most aggravated situation in this regard 
is the increasing use of water from the public 
mains for use in refrigerating apparatus. In this 
service the water is merely used for the operation 
of condensing or cooling the gases used in the 
process, and vast quantities are run over piping 

[m-\ 
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and throufjh tanks, and are wasted directly into 
the sewer, at rates of as much as 12 to 15 tons a 
day for each ton of rated refrigerating capacity. 

In many hotels, restaurants, stores and busi- 
ness processes such apparatus is operated for the 
purpose of decreasing expenses in the purchase 
of ice, and it is not infrequent to find machines 
of from 25 tons to 100 tons capacity, using from 
a hundred thousand tons to half a million tons 
of city water every year. The price which is 
paid, of one dollar per 1000 cubic feet for this 
profitable use of water in what is really a manu- 
facturing process, is no more than that which is 
paid by the domestic consumer for the require- 
ments which are forced upon him by the necessi- 
ties of public sanitation. 

Such excessive demands upon a water-system 
which was planned for and expected to be limited 
to necessary sanitary purposes, has resulted in 
reducing the available pressure at various points 
in the system to such an extent as to necessitate 
additional work in other buildings to pump the 
water required for the sanitary service. 

The same excessive demand for water for such 



purposes has brought about a far wider effect. 
The occasional shortage of water reserve, ag- 
gravated by the intensive demands for water for 
these commercial purposes, brought about 
an agitation which involved the city in the con- 
struction of additional water supply and storage 
capacity. It was mainly these circumstances 
which led to the enormous imdertaking of the 
Catskill water system, which was represented as 
of urgent necessity at the time of its inception, 
and is now recognized to have been undertaken 
many years in advance of its real necessity. 

The recent expenditure by the city of one hun- 
dred and thirty-five millions of dollars in the es- 
tablishment of that water service, for which there 
is no new demand that was not capable of being 
served by the existing systems, may thus be at- 
tributed at any rate to a considerable extent, to 
the utilization of water in business, and for power 
purposes. 

After the construction of this vast system was 
under way, economies were effected, by the elimi- 
nation of leakages and wastages, which brought 
about a substantial decrease in the amount of 
[1781 
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water then required, which reduction was 
pecially marked in the Borough of Brooklyn, 
where the use of water had been the most waste- 
ful. 

The new investment has, however, loaded the 
operations of the Water Department with a fi- 
nancial burden of fixed charges and expenses 
which has entirely absorbed all the profits that for 
many years were derived by the City from the 
sale of water, and has brought about a very heavy 
deficit, amounting at the present time to upwards 
of seven millions of dollars per annum. The ef- 
fect is far-reaching, since the issues of the bonds 
for the purpose of water service, were heretofore 
self-sustaining, and were thus released from the 
constitutional restrictions upon the borrowing 
capacity of the City. It is now necessary to regard 
them as being incapable of sustaining their own 
fixed charges, and it seems doubtful whether they 
will regain that condition within many years, un- 
less a higher price be charged for water, or some 
additional revenue be secured from the use of 
water for commercial purposes. 

These facts bore directly upon the question 
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which arose in connection with the operation of 
this plant, as to whether or not the water that was 
used in its operation constituted an expense to the 
city or not. Investigation disclosed the fact that 
the several departments of the city made exten- 
sive use of wflter in various municipal operations, 
but never accounted to the Department of Water 
Supply for the expense, nor made any charge 
against their own operations for the water they 
used. 

The result of the discussion, while it was of in- 
terest in bringing out these points, led to the con- 
clusion that under this existing system the water 
involved no present expenditure on the part of 
the Department in charge of the building, and it 
was not therefore included as one of the costs of 
operation. It was, however, readily recognized 
that in the case of the purchase of steam from a 
public system, as well as in the purchase of elec- 
tricity from the public service, the city gained a 
return by the water that was used in the processes 
of generating steam and electricitj-, and in con- 
sidering the purchase of steam in particular, this 
return constituted a substantial reduction in the 
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cost of the public steam service to the city. 

The water that was used in the Hall of Records 
for general sanitary purposes in a year was about 
three million cubic feet, and would have cost, if 
purchased at the regular rates, $3,000 a year, 
and the water used and wasted by the plant of 
machinery was 662,000 cubic feet, worth $662. 
These costs would not have represented its entire 
expense, since the operation of pumping it, cir- 
culating it, and cooling part of it, had to be car- 
ried on. 

The machines provided in the Hall of Records 
for pumping the water were of two forms: one 
being a steam-operated, direct-acting pump, and 
the other an electrically-operated motor-driven 
pump. Small steam pumps of this character are 
notoriously wasteful in their use of steam, and it 
therefore became a matter of considerable inter- 
est to secure during the trial, a determination of 
the actual amount of steam used in relation to the 
water pumped in these builduigs, and to compare 
these with the cost of operating an electrically- 
driven pump. 

It was found that the water, in order to be 
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pumped to a height of about 110 feet, involved 
a pressure at the pump, equivalent to 200 feet, 
the increase or difference representing the fric- 
tion created in passing the water through the 
pipes and bends in the piping. Steam was con- 
sumed in this work at the rate of 266 pounds for 
each horse power represented by the water hfted. 
This involved a consumption of 33 pounds of coal 
per hour, the value of which alone was four and 
three-quarter cents for each water-horsepower 
exercised over a period of one hour. 

The full expense of the service during the year 
included the following items : The cost of steam 
used (after crediting that utilized in house-heat- 
ing), with supervision, \va,s $1,061.17; the share 
of the engine-room labor, supplies and repairs, 
with supervision, was $456.16, and the fixed 
charges added $463.00, making $1,980.33 in all. 

This represented an addition of 54- per cent, to 
the value of the water wliich was used, and a cost 
of nearly 10-4/10 cents for each water horse- 
power hour. An electrical pump could liave been 
operated by purchased electricity for an expense 
of $780, and adding the same share of labor, 
[1771 
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supplies, and repairs, or $456, and with 

and depreciation continued as at present, $108, 

the total cost of electric operation becomes only 

,284, which is less than seven cents per water 
horse-power hour, and seven hundred dollars a 
year less total expense. 

These figures make it clear that the process of 
pumping house-water by steam power is not as 
economical as it would be with the use of a pump 
operated by electricity, even though the steam 
pump provides some part of its steam for heating 
purposes. 

The expense of operating an electrical pump 
may be substantially reduced if the apparatus 
be provided as is customarily done, with an auto- 
matic controlling device, thus reducing the atten- 
tion required to an occasional cleaning and oiling 
of the machine. Under such circumstances the 
expense for labor, supplies and repairs which was 
incurred in the Hall of Records process, could 
have been substantially reduced, and it is prob- 
able that the same amount of water could have 
been pumped in that building for a cost, includ- 
ing the fixed charges on an electrical installation. 
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of less than $1,000 a year, or practically one-half 




of the ascertained cost of the steam operation. 

As there was an electrical pump installed in 
this building which had been placed there as a 
reserve, the opportunity was afforded of mak- 
ing a direct comparison between the expenses of 
the two systems, but unfortunately the gearing 
of this pump, which was of a somewhat anti- 
quated pattern, was broken by accident, and re- 
pairs were not effected by the Department dur- 
ing the rest of the period of the trial. 

This little incident throws considerable light 
upon one of the fundamental deficiencies of mu- 
nicipal operations in connection with machinery, 
namely, the delay in providing for necessary re- 
pairs, and even for necessary upkeep in advance 
of accident or failure of the machine. This ia 
due to the very methods of municipal reform 
which have been set in operation to protect the 
city's finances from unregulated expenditures. It 
is, under this system, necessary to secure an ap- 
propriation, or to make provision in a budget for 
repair work, processes which occupy considerable 
time, and in the case of a budget cannot be al- 
[179] 
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It was a notable fact in regard to the use of 
warm water, that even in the summer months 
there was little reduction in the use of heated 
water. This was doubtless due to the fact that 
the larger part of the heat that was absorbed by 
the water, was lost in the process of circulation. 

In heating the water 1,548,050 lbs. of ex- 
hausted steam and 334,069 lbs. of high-pressure 
or live steam were used. The cost of producing 
this steam was $647. 

The water which was heated was approxi- 
mately 300,000 cubic feet. The bare cost of 
warming this water was thus more than two dol- 
lars per one thousand cubic feet, or twice its 
original value. Adding the expense of the opera- 
tion of the electrical circulating pump, it appears 
that a supply of warmed water costs about $3.50 
per thousand cubic feet, or three and a half times 
as much as cold water. 

Some economy may be effected in the Hall of 
Records by the more simple system, such as that 
by which the water was originally heated in these 
buildings, of using separate heaters, supplied by 
purchased steam, the water being circulated by 
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•gravity, thus reducing the losses involved in the 
long system of circulation, and in the expense of 
the operation of the electric pump. 

Although the service afforded by warm-water 
appears expensive, it assumes a relatively 
economic aspect compared with the expenses in- 
volved in discharging sewage and waste-water 
out of such a building as the Hall of Records, 
which service answers no economical purpose 
whatever. It is in point of fact, an obligation 
wholly resulting from the fact that the sub- 
basement in this building, constructed for the 
purpose of housing the machinery, was neces- 
sarily far below the level of the public sewers. 

Such spaces are in themselves, relatively ex- 
pensive, especially under such circumstances as 
their construction in the rocky soil of the Bor- 
ough of Manhattan, where every part of the 
space has had to be blasted out, and where every 
part of the walls and columns is necessarily of the 
largest and most expensive proportions. 

In the absence of a machinery plant, the use 
of such a space might have been dispensed with, 
but when constructed for this purpose, it must 
[188 1 




be rendered habitable, and its use by employees 
involves the installation of sanitary apparatus, 
also provision for dealing with the breakage of 
piping, or possible flooding of the exterior vault 
spaces which provide the sub-basement to some 
extent with air and light. 

In this building, as in a number of others, the 
drains leading from these sources of rejected 
water are led to a pit sunk below the floor, hi 
which the sewage, etc., is collected alternately in 
one of two closed receptacles, each having a 
capacity of sixty gallons. These are auto- 
matically discharged by admitting compressed 
air to the interior of the receptacle, which presses 
out the collected sewage through a pipe to the 
public sewer. The air under pressure is provided 
by steam-driven compressors, which are cus- 
tomarily very wasteful in operation. Measure- 
ment applied to this compressor during the first 
thirty-two weeks of the year, demonstrated its 
average use of 4,620 pounds weight of steam per 
day, which was equal to the continuous operation, 
day and night, of a boiler of six horsepower 
capacity. 

[184) 
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The Department then decided that an elec- 
trically operated air-compressor would be more 
economical, and purchased and installed such an 
appliance, which was tested and utilized after the 
thirty-second week to the forty-eighth week. An 
interesting comparison was thus afforded be- 
tween the cost of steam power operation and 
electrical operation for equal service, and it was 
found that the average amount of electric energy 
which was required for each 6,000 gallons dis- 
charged by the sewage-ejector was 4.32 kilowatt 
hours. The cost of operation of the steam sys- 
tem was fotmd to be as follows: 

Covering the period of test during which 
4,667,100 gallons, or 77,800 cubic feet of sewage 
were discharged, the steam (after allowing for 
such as was utilized and charged to house-heat- 
ing) was 733,310 pounds, the cost of production 
being $254.95, or $3.30 per 1000 cubic feet which 
is to be compared with the cost of 3360 kilowatt 
hours of electricity at 2 cents, which was less than 
$1.00 per 1000 cubic feet. The cost of steam 
alone was thus at least three times as expensive 
as that of purchased electricity woidd have been. 
[185] 



Labor, supplies and repairs, with supervision 
added $824.42. The fixed charges of the appa- 
ratus and space it occupies, are $635.00. The 
total of $1,214.37, thus represents an approxi- 
mate cost of $15.60 per 1000 cubic feet. 

A change to electric operation under existing 
circumstances would be of economic advantage, 
by the purchase of an electric pump, which is an 
effective appliance for such purposes, and is in 
use in many other buildings. 

The entire expense of operation of such an ap- 
paratus, even with the existing charges for la- 
bor, and for interest and depreciation on the 
abandoned ejectors, would be only about $730, or 
40 per cent less expense than that of steam opera- 
tion. 

The cost of this unremunerative service of sew- 
age removal represented a daily expense of $3.33 
and for each man employed in the machinery and 
fireroom space an annual expense of eighty 
dollars. 



tmi 





THE COST OF EEFEIGEEATED DHINKING-WATEK. 

/^~\ NE of the refinements of convenience 
^-^ which has been provided in some commer- 
cial and residential buildings, is a system of water 
supply for drinking purposes, which during that 
portion of the year when the public supply has 
risen in temperature, is cooled by artificial means. 
This service could, of course, be conducted by the 
simple process of purchasing ice and circulating 
the water through pipes in contact with the ice, or 
more simply still, by the usual process of ice 
placed in water coolers. But complicated machin- 
ery is often adopted without regard to alternative 
and simpler methods of securing equal results, 
and thus some buildings are provided with an 
installation of expensive refrigerating apparatus, 
by which the cooling effect that could be equally 
well produced by melting ice is produced by 
steam power. 

118T\ 
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The process in the Hall of Records 
the use of steam to evaporate ammonia into a 
gas. Cold water is then used to cool the gas be- 
fore it is allowed to expand in a system of piping, 
the expansion resulting in an absorption of heat 
from the pipe surfaces, whereby a refrigerating 
or cooling effect is produced. A steam pump is 
used for returning the ammonia to the boQer or 
evaporator. The process is thus quite elaborate 
and involves considerable investment in the in- 
stallation, and care and expense in its operation. 

The extravagant use of water which is made in 
the process of cooling the gases, has already been 
referred to. The value of the entire operation 
must be limited by the purchasable equivalent in 
the form of ice. 

Refrigerating apparatus is largely used in ho-1 
tels. In some it has been found that their ex- 
pense is much in excess of the cost of an equiva- 
lent amount of ice, but the machinery is main- 
tained on account of the convenient form in which 
the cooling effect is distributed, and the various 
degrees of temperature that can be secured. Thus 
in certain processes, such as making of ice- 
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very low temperatures must be maintained, but 
in some other culinary processes ice would an- 
swer just as well. Tlie expense of machinery, 
therefore, is really chargeable to some special 
process such as the manufacture of ice-cream, 
which might be purchased at less cost. So far as 
drinking water is concerned, only a moderate 
amount of cooling eflfect is required, as the tem- 
perature of the general public supply only rises 
from an average of about 40 degrees to an aver- 
age slightly over 70 degrees, and in the summer 
time requires to be cooled only from the latter 
temperature down to approximately 45 degrees 
Fahrenheit. 

The habits of occupants of business and resi- 
dential buildings in New York are adverse to 
economy in the use which is made of this con- 
venience, and it has been found that excessive 
wastefulness prevails. ,Thus in one large hotel 
where the iced-water faucets were placed over 
sinks, it was found that the help were in the habit 
of using the cooled water in summer time for 
washing their hands, and even for cleaning table- 
ware. 

[189] 
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In most cases the water must be circulated con- 
stantly around an extensive system of pipes, in 
order that it shall not increase in temperature 
while remaining stagnated in the piping. Such 
losses are similar to those experienced in circu- 
lating heated water, but they are intensified in 
the case of refrigerated water, since the process 
of reducing temperature is greatly more compli- 
cated and expensive than the process of increas- 
ing the temperature of water. 

Some of these facts might have been known to 
those who were responsible for installingthe system 
of drinking water piping in the Hall of Records, 
but nevertlieless the installation was made, and 
was arranged with features which contributed to 
the greatest extent of wastefulness, inasmuch as 
the iced-water faucets were placed over the hand 
lavatorj'' fixtures. Moreover, the maintenance of 
the supply is not confined to the warm season of 
the year, but a circulating apparatus was kept in 
motion throughout the larger part of the winter, 
to circulate the water, which would otherwise be- 
come somewhat warmed by remaining 
piping. 

[190] 
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The use of the refrigeratine apparatus is lim- 
ited, of course, to the warmer portion of the year, 
and in the case of the Hall of Records the appli- 
ances were in service only during a period of 
twenty-four weeks. 

As soon as this apparatus was set in motion 
observations were made of the use by the occu- 
pants of the building of the cooled water, which 
threw very interesting light upon the character 
and extent of the wastage, and the limited value 
which such a service afforded, compared with the 
expense of its production. It was found that the 
employees in the building had discovered that by 
tying down the spring lever of the faucet on the 
drinking water supply with a rubber band, a flow 
of the cooled water could be continuously main- 
tained into the wash-basin, in which they were in 
the habit of placing bottles of milk for their 
luncheons. It was ascertained that probably 75 
per cent of all the water that was cooled was di- 
verted in this manner from its intended purpose. 

A comparison was fortunately available w^ith 
conditions existing in a commercial building in 
the vicinity, in which a similar service is in use by 
[1911 
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a large number of tenants and a staff of n 
turmg employees. In this building it was found 
that the use of the water was conducted in a much 
more economical manner. The water which was 
actually drawn from the system in this building 
represented 20 per cent of the total cooling effect, 
80 per cent having been lost in the process of cir- 
culation around the piping. 

In the Hall of Records only 5 per cent of the 
work of refrigeration was represented by the 
water withdrawn from the system, and 95 per 
cent of all the work effected by the apparatus was 
lost in the process of circulating the water around 
in the piping. Even this statement fails to indii 
Gate the extent of the extravagance of the whol<( 
process, for the amount which was drawn fronj 
the system in the Hall of Records was the equiva- 
lent of a consumption of 15,000 drinking glasses 
of water during a business day of about eight 
hours. This represented approximately thirty | 
glasses of water a day for each occupant of thte 
building. 

The expensive character of the process of i 
/rJgBrating by this class of machinery was vei 
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well determined by the records of the trial, and by 
a special test which was conducted during a 
period of five weeks. During these observations 
it was found that the capacity of the apparatus, 
which was 10 tons of refrigerating effect, or 5 
tons ice-making capacity per twenty-four hours, 
was utilized only to the extent of 56 per cent, rep- 
resenting the equivalent of the melting of 2-8/10 
tons, or 5,600 pounds weight of ice per twenty- 
four hours. 

This was the cooling effect required to main- 
tain the low temperature upon the whole body of 
water circulated around in the piping, and also to 
reduce the temperature of such additional water 
as was drawn from the house tanks to replace 
that which was drawn oiit of the faucets. The 
same effect of cooling the water could, of course, 
have been effected in receptacles for ice in each of 
the offices, in which case the actual work that was 
effected in cooling the water that was used, ex- 
travagant though that amount was, would have 
been accomplished by purchasing 700 pounds of 
ice a day, the cost of which would have been about 
$1.40. The only inconvenience accompanying that 
[193] 
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method, which is in common use elsewhere, is that 
of the introduction of ice into the building and its 
carriage up to the point of usage. 

Under the circumstances described, it will not 
be a matter of surprise to learn that the work of 
maintaining this drinking-water service was very 
costly. 

The cost of steam, labor and supplies aggre- 
gated $1836, and with all expenses and fixed 
charges the service involved a total of $2,798, to 
which should be added the cost of water used in 
condensing, about $200, making a total of 
nearly $3,000. 

Ice could have been bought, equivalent to the 
total cooling work which was effected, for a sum 
not exceeding $1,600, and the City would have 
been saved the investment in this plant, of about 
$7,500. 

In the actual use that was made of the service 
in the form of drinking-water, the supply of ice 
for the season's service could have been purchased 
for about $450. 

Allowing two glasses, or a pint of water, as 

reasonable amount to be consumed by eadj 
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occupant daily for every working day in the year, 
the expense of the system for an average of 600 
occupants in the building was about $1000 per 
one thousand cubic feet of water, or about eight- 
tenths of a cent a glass. 

While this refrigerating system was in op- 
eration, its evident extravagance led the depart- 
mental officials to adopt a method whereby the 
cost of production might be somewhat reduced 
through the use of exhausted or waste steam, in- 
stead of the live steam for which it had been 
planned and installed. 

In order to effect this purpose a change was 
made in the piping of the pumps and appliances 
in the room in which the refrigerating apparatus 
was situated, the effect of which was to close up 
the outlet of the wasted steam from some of the 
pumps so that the steam would be forced into the 
refrigerating apparatus under a pressiu-e of 
about 15 pounds to the square inch. This pres- 
sure is necessary, in order to properly effect the 
process of evaporating the ammonia, but it of 
course, had some reflex effect by retarding the 
operation of the pumps, and by increasing their 
[195 1 
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demanda for steam, so that it was not entirely i 
economical gain. 

Moreover, the larger part of the steam used fc 
the apparatus was still required to be high-pres- 
sure steam which was necessary to operate the 
ammonia pump or compressor. The little experi- 
ment, however, led to much wider developments 
in an unexpected direction. 

The imagination of some of the departmental I 
officials was fired by this apparent economy, and I 
expanded into the conception of a large plant 
for the manufacture of ice, to be operated by the | 
exhausted steam of all of the electric engines and ■ 
the pumping machinery. They went so far as to 
suggest that an ice-manufactory large enough to 
utilize the exhaust steam during tlie summer 
should be installed in the Hall of Records, re- 
gardless of the character of the building, and of 
the danger attending the introduction of am- 
monia-using apparatus in the lower part of a j 
public building containing documents and reo I 
ords of priceless value. Nevertheless, this propo- 
sition was communicated to the Board of Esti- 
mate and Apportionment, and a resolution was 
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introduced in that body proposing that steps 
should first be taken to utilize the existing ap- 
paratus in the Hall of Records to manufacture 
ice, as well as to conduct its existing duty of cool- 
ing water. 
■ This statement was supported by the assertion 
pthat twenty-five tons of ice a day could thus be 
manufactured, which of course, was absolutely 
impossible, as the full capacity of the machine was 
only five tons a day, and of this, 56 per cent was 
already in use upon the work of cooling water. 
Moreover, the apparatus had no means and no 
appliances for tlie manufacture of ice, for which 
it was neither planned, nor designed, nor was 
there any space available In a suitable position for 
such a purpose. 

Notwithstanding all these facts, statements 
were given out to the press that ice could be made 
under such circumstances, at a cost of $1.50 a 
ton, and an application was actually made to the 
Board for an appropriation of $40,000 for the 
purchase of ice-making apparatus, which dubious 
experiment might have been carried out had not 
the facts brought out during the test, as to the 
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real circumstances surrounding such a proposi- 
tion, been brought to the attention of Mayor J 
Gaynor. 

At the prices of fuel at the time of this discus- I 
sion, the items of coal, labor and supplies alone 1 
amounted to from $1,25 to $2 per ton of ice in J 
well-arranged and economical factories manu- 1 
facturing ice in large quantities. It has always I 
been the case that ice is manufactured on a very ' 
narrow margin of profit, which is invariably re- 
stricted by the competition of the natural supply. 
It was naturally absurd to suppose that ice could. ■ 
be produced under municipal conditions, and at ] 
the rates of city wages, at prices competing with J 
commercial rates. The cost of steam, of labor I 
and supplies in the Hall of Records plant was 
about $3.50 per ton of ice-making capacity. 

These points appealed to the Mayor, who j 
responded to communications sent to him in the J 
following characteristic letter: 



CITY OF NEW YOEK 
Office of the Mayor 



Dear Mr. Bolton: 

I am not surprised to 
posed new city ice plant. 



June lOth, 1911 



your letter about the pro- J 
The statement given out is that 1 
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certain engineers approve the enterprise. The Board of 
Eatimate and Apportionment never appointed any engineers 
to examine into such a matter, that I am aware of, and I 
never heard of any reports to that Board. You say that 
you were appointed by Borough President MoAneny, with 
other engineers, to look into the matter, and that you are 
convinced that the city could not profitablj manufacture ice. 
If the city is going into the manufacture of ici2 for the poor 
we ought to do it after a committee has CKamined thor- 
ouglily into the matter. But you know an election is com- 
ing on and the matter is deemed one to catch votes witli, and 
some people do not want to wait for a careful investigation. 
And I must say that I do not understand that there are so 
many poor people asking us to make ice for thein. As soon 
as the matter is mentioned you hear it said hy officials and 
others tliat the poor people on the East side must have ice 
made for them. I think I am as familiar with the East side 
as any member of the present city government. I have 
taken occasion to look all over the East side. I deny that 
the people on the East side are paupers. On the contrary, I 
find them to be an industrious well to do community. The 
percentage of pauperism among them is small. This con- 
tinual libel on the East side of their being paupers and 
criminals is annoying to those who live there, and to a 
great many other people. I happen to know that there are 
very few people that are asking that the city provide them 
with ice. During the last three years I have advertised to 
the public through the newspapers that anyone who is too 
poor to pay for ice at the prevailing rates may go to any 
of the charitable societies, or head-quarters of tlie settlement 
workers, and obtain ice tickets without charge. I expect to 
do the same thing again in a few days. I am not at liberty 
to reveal the name of the person who provides these tickets. 
I hope he will let me reveal his name this year. But the 
quantity of ice that is taken in this way is extremely small. 

[199-i 
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It would surprise you to learn how small it is. I 
the figures in my mind just now, but if you are interested to 
know them I will have them sent to you. Let us have an 
end of all this libeling of the people of tJie East aide by 
talldng of their pauperism, and of their need for the city 
to furnish them with free ice and free this and free that. 
There are some people very solicitous about the condition 
of the people on tlie East side, especiallj' one day each 
year, namely, election day. 

Very truly yours, 

(signed) \V. J. Gaynor, 
Mayor. 

In a later communication the Mayor stated 
that about 900,000 pounds of ice were given away 
free during the year 1912, through the agency of 
the Department of Health, the whole of which 
was a free gift on the part of the Knickerbocker 
Ice Company, which ha.s conducted this chari- 
table undertaking for a number of years past. 

It was a rather interesting comment upon this 
discussion that an investigation was made at the 
time into the circumstances of a mimicipal ice- 
making plant which is operated on North Brother 
Island, chiefly by prison labor. The product of . 
the plant in this not wholly savory situation, was 
found to be disposed of by shipment on the boats 
of the Department of Correction, to other city 
/nstitutions. It was ascertained that during the 
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'process of transit, 40 per cent of the volume of 
the ice was melted, and approximately 50 per 
cent of the remainder would have been unneces- 

_.sary under economical management. 

I These facts and disclosures rather pungently 
illustrated the fallacy underlying the hopeful an- 
ticipations of municipal management and con- 

-duet of such commercial processes as the manu- 

'facture of ice, and throw a rather informing side- 
light upon the point to which such enthusiasts 
might better direct their attention, namely: the 
economizing of prevailing wastages in the use of 
expensive products and conveniences. 
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THE COST OF PUBLIC SERVICE. 

T T was one of the anticipated effects of the 
■*■ test of the power plant in the Hall of Rec- 
ords that it would provide the basic facts where- 
with a direct comparison could be made of the 
cost of operation during another year of trial. 
During this second period the services of the 
building, to the same extent and of the same 
character woidd be operated by means of the pub- 
lic supply of electricity, either with or without 
the use of the public supply of steam. The fig- 
ures of cost determined during the first year of 
trial were to afford the means of deciding the 
question of the comparative value of the contin- 
ued use of the boiler plant, or of the purchase of 
steam. This anticipation was embodied in an 
agreement under the conditions of which the trial 
'"is undertaken by the three parties in interest. 
"■ expectation that this comparative trial 
^ "> undertaken added greatly to the interest 
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«f the observations conducted during the year of 
test, and had it been carried out it would have 
afforded a very clear demonstration of the meth- 
ods, and would have settled any and all questions 
as to the details of the change of system. It 

Pwas not, Iiowever, necessary to conduct such a 
trial to decide the relative cost of the supply of 
electricity and steam, because the facts obtained 
during the test provided complete information 
as to the quantities of steam and electricity 
■hich were generated, and those which were 

I'lized in each service. 
Tiere was practically no element which af- 
■id any opportunity for divergence of opinion 
the effect of discontinuing the use of the 
ting plant, except that of the extent of 
^or which would be found necessary under the 
changed and reduced operations. 

The Department conceded only a reduction of 
$2,944 in wages, and the engineering advisers of 
the Bureau of Municipal Research estimated the 
saving at $4,683. Both of these fell short of what 
could readily be effected if economy in this direc- 
tion were sincerely desired. 
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The other question which was involved con- 
cerned the quantity of coal that would be re- 
(luired under these changed conditions, a question | 
"hich also would have been definitely settled by 
tlie comparative trial. But there was no wide i 
divergence of value in this matter. The engineers 1 
representing the three severa! interests, made 
separate estimates, some of which were the results 
of an extraordinary amount of detailed study. 
Their estimates varied from a maximum of 40.54 
tons of fuel (or 68,600,000 pounds of steam) as 
estimated by the Department engineers, to 3585 
tons of fuel (56,599,000 pounds of steam) as 
estimated by the engineers representing the Bu- 
reau of Municipal Research, and a minimum of 
3,330 tons of fuel (52.300.000 pounds of steam), 
which was the estimate of the engineers repre- 
senting the New York Edison Company. The 
largest difference was thus only 724 tons, the to- 
tal value of which would have been about $2,143. 
The two other estimates varied only to the extent 
of a value of $754 which was quite an immaterial 
amount, in view of the large difference between 
the total ey^ense of the operation of the plant 
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and the purchasable prices of steam and elec- 
tricity. The diflferences of estimate, such as they 
were, were largely due to the assumption on the 
part of the City engineers, that the wastages and 
losses which accompanied the operation of the 
plant, would necessarily be maintained after the 
operation of the generating engines had come to 
an end. 

It does not seem reasonable, however, to as- 
sume that when there was no longer any use for 
large piping, the purpose of which was to supply 
steam to these disused machines, that the use of 
this piping would be continued. Some small re- 
conneetions only are necessary to bring about that 
result, at a total expense of no more than three 
hundred dollars. Similarly, it was reasonable to 
assume that in the absence of any operation of 
machinery during the night hours, arrangements 
would be made whereby labor would not be main- 
tained to an unnecessary extent, and should it be 
found more economical to purchase steam during 
the summer season, that the boiler plant would be 
then discontinued, and the fire-room labor force 
dispensed with for that period. 
[205] 
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These views rather naturally met with opposi- 
tion on the part of employees with whose habits 
and methods they conflicted, but on the whole, the 
main point determinable by the facts brought out 
in the trial, is not largely affected by these points, 
since it was evident from any arrangement of the 
figures, that the cost of each of the services pro- 
vided by the plant was excessive, and the genera! 
result of the combination of the services, was an 
unnecessary total expense, which could be re- 
duced by reverting to the method of the purchme 
of the electrical service, with or without the pur- 
chase of steam. 

When this point had become so clear as to ad- 
mit of no further discussion, a new issue was 
raised by those who represented the interests of 
the Bureau of Municipal Research. The theory 
was advanced that the price at which electricity 
could be purchased, constituted a preferential 
rate in favor of the City, and that it should not 
therefore be regarded as a determining figure, 
and moreover, the rate having come into force 
since the commencement of the trial, any com- 
parison should be founded not upon that rate, but 
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upon the price which prevailed at the commence- 
ment of the trial, which was three cents per kilo- 
watt hour. 

This process of reasoning, if it can be so de- 
scribed, coupled with another new assumption, to 
the effect that the amount of electricity used 
would be practically the same as it was during the 
period of the trial (inclusive of the operations of 
ventilating and lighting the engine room) re- 
suited in an assumption of the cost of purchased 
electricity exceeding $21,000, which quantity as 
a matter of actual fact, could then and can now 
be purchased for less than $14,000. With the 
more probable lessened demand, the cost would 
not exceed $12,000. But even with these strained 
assumptions, and with a total neglect of such 
conceded elements as the return of taxes paid by 
the Edison Company to the City, and other ele- 
ments of cost, the engineering representatives of 
the Bureau only succeeded in convincing them- 
selves that the purchasable price of electricity 
under a public service supply should not exceed 
1.66 cents per kilowatt hour. As the price at 
which the energy could be purchased was 1.92 
[207] 




cents per kilowatt hour, the difference they found 
in favor of the continued operation of the plant 
was only .26 of a cent per kilowatt hour, amount- 
ing on the total consumption they assumed, to 
only $1,820! Their lame conclusion was thus 
caught on the horns of a dilemma of their own 
making. 

This result was further determined only upon 
the bare operating costs, inclusive of no fixed 
charges, nor any charge for supervision, and ir- 
respective of loss to the city through the change 
of the rate in the Brookhii Bridge service. The 
best that could be said for such a very lamely as- 
certained result is, that it illustrated the fact that 
the plant had practically no commercial value, 
since it was by their own showing, barely compet- 
ing with the prevailing price of the public supply, 
and that this result was being effected at an an- 
nual expense to the city upon the investment that 
had been made, amoimting to more than $10,000 
a year. 

The reasonable method of determining the 
differences in estimated labor was, of course, the 
operation of another year of trial, during which 
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the facts and figures of expense under another 
system could have been readily and positively 
ascertained. This, however, was denied by the 
action of the majority of the representatives of 
the parties at issue, those representing the Bu- 
reau of Municipal Research, and the City De- 
partments interested, joining in a refusal to 
recommend the city authorities to authorize the 
continuance of this comparative trial, in spite of 
their written agreement to do so. Their motives 
in thus evading the issue can be left to the judg- 
ment of the reader. 

The results of this test must therefore stand 
for themselves, and to any unprejudiced ob- 
server who wUl take the pains to investigate the 
figures of cost and quantities ascertained in the 
trial, no other conclusion can possibly be reached 
than that the expense of operation of this plant, 
as well as the burdens of its original investment, 
involve the city in a continuing loss. 

The division of the total expense of operating 
this or any other plant, between such services as 
it provides, can be so manipulated as to load any 
one of those services with an undue proportion 
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of the expense, thereby producing an 
effect of great economy in some other service. 
But a common-sense disposal of such a method is 
readily reached by a comparison of the cost of 
the expensive service vrith its real commercial 
value. That value, where a public supply is avail^ 
able, is the price at which equivalent service can 
be obtained from another source. Thus the 
steam generated in this building was limited to 
the value of 42 cents per 1000 pounds weight, at 
which price it could be purchased in equal quan- 
tities from the mains outside this building, and 
similarly the production of electrical energy 
could not be of any financial advantage to 
city, if its total expense exceeded the price of 1 
cents per kilowatt hour. Moreover, if the whole 
combination was more expensive than some other 
method of operation, the investment and the work 
of operating the plant were of no commercial or 
financial value. ■ 

The only way in which the effect of these fixed^ 
limitations upon the value of the plant could be 
evaded was by assuming or by actually carrying 
into effect, some excessive or wasteful use of pu: 
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chased steam or electricity, or by loading the 
operation of a reduced number of appliances with 
some disproportionate extent of labor. But even 
under such methods all the fixed charges remain 
as a continual source of expense to the city, and 
must so continue during the term of existence of 
the bonds upon the sale of which the money for 
the investment was obtained. 

A very plain understanding of the general re- 
sults of the investment in this plant is afforded 
by the summary of the ascertained facts and fig- 
ures detailed in the preceding chapters. See 
table page 81. Here we have clearly defined the 
entire expenses in which the city had been in- 
volved in the production of the several services 
which have been described. Thus the entire cost 
of the production of the steam can be distributed 
between the several services in the proportion in 
which it was used, which is the only way in which 
it can be fairly divided. If that proportion should 
result, as it does, in showing that the cost of all 
the services is excessive, then it would become evi- 
dent that the whole operation is being conducted 
at an unnecessary degree of expense. 
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The only complication that could arise in this' 
simple statement, would be the extent to which 
the use of steam derived from the engines and 
pumps can be taken off the cost of their service 
and charged against the cost of heating the build- 
ing. But this was disposed of by the facts of the 
test, and accepted by the Board of Engineers. 
The steam charged to each service is only that 
remaining after deducting the exhausted steam 
used in the work of heating. The cost of each of 
the several services is relieved of that expense, 
throwing the expense of the steam upon the worl 
of heating. 

The entire quantity of steam used in heating 
and hot-water work, was barely 40 per cent of the 
total amoimt raised during the year, and of this, 
about 88 per cent was secured in the form of ex- 
hausted steam. The allotment of this amount to 
the credit of each of the several services, was de- 
termined by the trial, and finally left a total of; 
40.5 per cent of all the steam chargeable to the' 
work of heating. This, therefore, carried with it 
40.5 per cent of the total expense of producing 
steam. Therefore the rest of the cost of produc-j 
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ing steam, or 59.^ per cent, was left to be divided 
among the other services, of which the test de- 
cided the relative proportion of the total steam 
to be charged to each as follows : 

Per Cent 

To electrical generating engines 89.82 

To elevator pump operation 12.06 

To house water pumping S.8 

I To the drinking-water service 2.86 

■ To pumping sewage 0.91 

The sub-division of the various costs, therefore, 
becomes a simple process of division upon thesf 
proportions, so far as the steam expense is con- 
cerned. 

The same common sense methods must apply 
to the distribution of labor, the expense of which 
must be divided between the services produced, 
for they can be disposed of in no other manner. 
Part of the men's services were so charged by the 
Department accounts. The remainder must be 
spread over the services in the same proportion. 
The other expenses of supplies and repairs were 
allotted to the several services during the trial. 

The total expense was thus divisible in the fol- 
lowing fair proportions : 
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Heating per cent of total costs 26.9 

Electricity " " " ■' " 47,0 

Elevator " " " " " 16.46 

Water ■ ■' s.is 

Refrigeration " '" 4.5 

Sewage 1.97 

The alternative system of operation of the sev- 
eral services provided by this plant, which it was 
agreed by the parties in interest should receive 
consideration, were never studied in detail in the 
manner that has been presented in the foregoing ] 
chapters. The possibilities and arrang;ements of 1 
alternative operation were ignored, and disciisJ 
sion ranged chiefly around the question of ceasintf 
the operation of only one element in the plantfl 
namely, the electrical generating engines. 

It has already been pointed out that a consid- 
erable economy could be effected by that simple 
course of action, but the larger reduction in the 
cost of the services could he secured through a 
more complete change of the system of operation, 
by the purchase of steam from the public service, 
and by the use of purchased electricity for I 
operations of elevator service and pumping worti 
as well as lighting. By such a means, a saving 
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$15,000 a year could be effected, even with the 
continued charges for interest and depreciation 
upon the abandoned boilers and machinery, and 
also the burden of additional interest and depre- 
ciation upon a sum of money required to change 
the elevators to a more modern electrical form. 
The expense of operating would then be as fol- 
lows: 

TOTAL EXPENSE OF OPERATION WITH PUR- 
CHASED ELECTRICITY AND STEAM 

All the steam for house heating, for warm water 
and for refrigeration purposes, at 42 cents per 
thousand pounds $12,910 

The present interest and depreeiation charges on 

the boiler plant, continued 5,67B 

All the electricity required for lighting, and for 
general power purposes, about 690,000 kilo- 
watt hours per annum, at 1. 92c 1 1,418 

The present fixed charges of interest and depre- 
ciation on the electric engines and generators, 
continued 2,258 

Operation of tlie elevators hy electricity, involv- 
ing the fixed charges on the expenditure of 
$48,000 for electric elevators, the purchase of 
energy, and the maintenance of the existing 
interest and depreciation on the hydraulic 
plant 8,760 

The pumping of water by tlie electrical pump, 
including the purchase of energy and the con- 
tinuance of tiie fixed charges on the existing 
steam pumping apparatus SdS 
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The refrigerating apparatus, the steam for which 
is included in the first item, leaving the sup- 
plies and repairs, and the existing fixed charges 
on the apparatus 

The operation of a sewage pump by electricity, 
requiring the purchase of electricity and fixed 
charges on the pump, and the continuance of 
the existing fixed charges on the present ap- 

tlie foregoing items is any labor in- 
cluded. The operation of the reduced ap- 
paratus, most of which would now be entirely 
automatic, would involve under mu 
eration the provision of a chief engineer and 
one or two assistants. Allow for three 
municipal rates of $5 and $3 per diem 4,01S 

Total $47,408 

This is $14,823 less than the full expense of 
operation as determined by the test. 

These facts and figures render it impossible to 
evade the conclusion that the entire operation of 
these services is excessively expensive. The city is 
found to be expending a total of $62,229 a year. 
For that sum it secures three services of impor- 
tance and three minor services. They are all ex- 
cessively costly. Several of them could be ef- 
fected at greatly lessened expense by the use of 
purchased electricity, and all could be conducted 
by the use of purchased steam and electricity at 
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Itwenty-five per cent reduction in expense. 

,The quantities of steam and of electricity which 

' were used could be substantially reduced if pur- 
chased. The fixed charges cannot now be dis- 
continued and must remain as a continuing loss. 
But the actual disbursements can be reduced by 
a reduction of labor and fuel, and the purchase 
of electric energy. These expenses have largely 
increased since the test by the rising cost of fuel. 
The most economical methods and care in opera- 
tion have failed to effect a financial advantage in 
the continued operation of the plant. Only a 
stubborn disregard for facts, or misunderstand- 
ing of plain figures, stand in the way of relief 
of expense to the taxpayers of the city. 

The discussion of the results of the test resulted 
in a prolonged delay, and eventual refusal to con- 
duct the comparative trial which had been agreed 
upon. The New York Edison Company even 
went so far as to guarantee to provide services 
of equal extent, at a cost of not exceeding $85,000 
a year, or four thousand dollars less than the 
actual disbursements upon operating costs alone. 
This guaranteed to the city a direct saving during 
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the period of comparative trial, but in spite of 
this guarantee the trial was refused. 

The conclusion of the investigation, and the 
facts and comparisons brought forth irresistibly 
the determination that the investment of mu- 
nicipal funds in the establishment of such a plant 
as that in this building, even with the subsequent 
enlargement of its scope of operations, is not of 
financial advantage to the city, and that the op- 
erating costs of such a plant, even when con- 
ducted under desh'ably economical conditions, 
cannot con;ipete with the reducing prices at which 
the service of electricity can be purchased from 
public sources. 

The lesson of the failure of this investment, is 
that the policy of municipal authorities, as well 
as that of conservative owners of improved real 
estate, should evidently be seriously to consider, 
not merely the present circumstances of the op- 
eration of a private plant competing with the cost 
of a pubhc supply, but also the probable future 
increase in the costs of private operation, as com- 
pared with the equally probable reductions in the 
cost of public service. 
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The loss that has occurred upon a large number 
of private plants, the enormous investments in 
which have become entirely discounted by the 
progress of these processes, could have been 
avoided had this reasonable thoughtfulness been 
more widelj' exercised. It must be evident to 
those who look at the matter from an impartial 
point of view, that the subject should be regarded 
as one which is a continuing situation over a long 
period of years, during which, even if some en- 
hanced expense were incurred in the current ex- 
penses in the first part of the period, the situation 
would probably change to the reverse condition 
towards the end of the period considered. But in 
any case it would seem to be the part of wisdom 
to avoid any unnecessary investment of capital in 
machinery, the best purposes of which are merely 
competitive, and the entire value of which be- 
comes discounted so soon as the competition in 
cost has reached the point of balance. 

It is certainly a proper course for an engineer 
to advise his employer or client upon these phases 
of the purchase of machinery, and to deal with 
the subject of the use of central station service 
t2W\ 
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without the prejudice and selfish interest only too 
frequently exhibited. 

The conclusion from these studies is, therefore, 
to be very clearly seen in the reduction of expense 
which is made apparent in the cost of each serv- 
ice under a more modernized system, and by the 
use of purchased supply of steam and electricity, 
rather than by the continued operation of machin- 
ery under municipal management. But the same 
effects would be found in private operations, even 
though the expense of labor would probably be 
considerably less than under municipal manage- 
ment. 

The process is inevitable, in all such combina- 
tions of machinery, whereby a gradual change 
takes place in the surrounding conditions, 
which have the effect of reducing the value of the 
output of the combination, which is at all times 
competing with other methods of accomplishing 
the same objects. It is this process which ter- 
minates the usefulness of operating machinery 
in advance of the wearing out of its working 
parts, and places the limit of time upon the ef- 
fectiveness of such combinations as form the 




THE COST OF PUBLIC 8EETICE 

usual isolated plant. Whatever apparatus may 
be provided under such conditions, the effects 
which it secures and the output which it provides 
should be systematically compared with the com- 
mercial value of similar service, or equivalent out- 
put provided in some other manner. 

The developments of mechanical science, and 
the rapid modification of the habits and needs of 
modern tenants require changes which must be 
expected within a comparatively sliort space of 
time, and may occur within a very limited period 
of time. The value of machinery installed for 
such purposes, even under the most advantageous 
and economical prevailing conditions always 
stands liable to be entirely discounted within a 
few years by the increase in the cost of the ma- 
terials which it uses, and of the labor which is 
required for its care, and at the same time, and 
following a directly opposite process, the product 
of the plant is undergoing a reduction of its com- 
mercial value by declining prices charged for 
public service, and by alternative methods under 
which the same results as are afforded by an iso- 
lated plant can be attained at lessened cost. 
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